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(57) Abstract 

The present invention provides compounds of formula (I), wherein R* is hydrogen, alkyl or CH 2 alkyl where the alkyl 
portion is substituted by OH; A represents either a group CHR^CHR^OH or a group (II), where R 2 * is hydrogen, alkyl 
cycloalkylalkyl or Aralkyl, R 22 i s hydrogen, alkyl, cycloalkylalkyi, aralkyl, CHR^ONR^R 2 * ( wher e R 2 < is hydrogen, al- 
kyl, cycloalkylalkyl or Aralkyl, R 2 * is hydrogen or methyl and R26 is hydrogen, alkyl optionnaUy substituted by one or two 
hydroxyl groups, aryl, heteroaryl, cycloalkylalkyl, Aralkyl wherein the alkyl portion is optionnaUy substituted by hydrox- 
ymethyl, or Hetalkyl) or CHR 24 NHCOR 27 (where R 2 ? is alkyl, cycloalkylalkyl or an aralkyl), R 2 * is alkoxy or NR^R 29 
(where R 2 * is hydrogen or methyl and R 29 is hydrogen, alkyl, aryl, aralkvl or cvcloalkvIalkvH: X is a orhim 
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THIAZOT.TDINE DERIVATIVES AND THEIR USE AS ANTI-VIRAL COMPOUNDS 

-1- 

The present invention relates to therapeutically active thiazolidine 
derivatives, processes for the manufacture of said compounds, pharmaceutical 
formulations containing said compounds and the use of said compounds in 
chemotherapy, more particularly in the therapy of viral infections. 

Retroviruses, that is, viruses within the family of Retroviridae, are a class of 
viruses which transport their genetic material as ribonucleic acid rather than 
deoxyribonucleic acid. Their presence has been associated with a wide range of 
diseases in humans and animals, and they are believed to be the causative agents in 
pathological states associated with many viruses including human 
immunodeficiency virus (HIV-1, HIV-2), the etiological agent of the complex 
disease that includes progressive destruction of the immune system (acquired 
immune deficiency syndrome; AIDS) and degeneration of the central and 
peripheral nervous system. A common feature of retrovirus replication is the 
extensive post-translational processing of precursor polyproteins by a virally 
encoded protease to generate mature viral proteins required for virus assembly and 
function. The proteolytic activity provided by the viral protease in processing the 
polyproteins cannot be provided by the host cells and is essential to the life cycle of 
the retrovirus. It has been demonstrated that retroviruses which lack the protease or 
contain a mutated form otit lack infectivity [cf. S. Crawford etjil., J. ViroL, 53, 
899-907 (1985)]. Inhibition of retroviral protease, therefore, presents a method of 
therapy for retroviral disease. 

We have now found a novel group of compounds which are useful in the 
therapy of viral infections. More particularly, the compounds of the present 
invention inhibit proteases of retroviral origin and are therefore useful in the 
treatment of infections associated with retroviruses, especially AIDS and related 
conditions such as AIDS related complex (ARC) and lymphadenopathy. 

Thus, in a first aspect, the present invention provides compounds of formula 

<© 
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wherein : 

R 1 is hydrogen, C^alkyl or CH^^alkyl where the C^alkyl portion is 
substituted by OH; 

R 2 is hydrogen, C 1 . 10 alkyl, C 3 . 8 cycloalkyl, ArC^alkyl, HetC^alkyl, 

COAr, COHet, COCH 2 R 5 , COCH(OH)Ar, COCH(OH)Het, COCH=CHPh, 

COR 6 , C0 2 CH 2 Ar, C0 2 CH 2 Het, S0 2 Ar, S0 2 Het, S0 2 CH 2 R 7 S0 2 CH=CHPh or 

S0 2 R 8 [where R 5 and R 7 each independently represent hydrogen, Cj.galkyl, aryl, 

heteroaryl, ArC 1 . 4 alkyl, HetC^alkyl, aryloxy, heteroaryloxy, C 3 _ g cycloaIkyl, 

C 3 . 8 cycloalkylC 1 . 4 alkyl, (CH^CO^R 9 (where n is zero or 1 and R 9 is hydrogen 

or Cj.galkyI), (CH^NR 1 ^ 11 (where m is zero, 1, 2, 3, 4 or 5 and R 10 and R 11 

are each independently hydrogen or C^alkyl or together with the nitrogen atom to 

6 8 

which they are attached form a saturated heterocyclic amino group), and R and R 
each independently represent C 3 _ g cycloalkyl substituted by phenyl]; 

R 3 is hydrogen, C^galkyl, COOR 12 (where R 12 is hydrogen, C^galkyl or 
ArCj^alkyl) or CONR 13 R 14 [where R 13 is hydrogen or C-^alkyl and R 14 is 
hydrogen, OH, aryl, heteroaryl, ArC^alkyl, (wherein the C^alkyl portion is 
optionally substituted by hydroxymethyl), HetCj^alkyl, C 3 _ 8 cycIoaIkyl, 
C 3 . 8 cycloalkylC 1 . 4 alkyl, (CH 2 ) p R 15 (where p is zero or 1 and R 15 is CF 3 or 
C0 2 R 16 where R 16 is hydrogen or C 1 ^aIkyl),-(CH 2 )qNR 17 R 18 (where q is zero, 
1, 2, 3, 4 or 5 and R 17 and R 18 are each independently hydrogen, C 1 . 4 alkyl or aryl 
or together with the nitrogen atom to which they are attached form a saturated 
heterocyclic amino group), CHArC0 2 R 19 , CHHetC0 2 R 20 (where R 19 and R 20 
are each independently hydrogen or C 1 . 6 alkyl) or Cj.galkyl optionally substituted 
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by OH, or R 13 and R 14 together with the nitrogen atom to which they are attached 
form a saturated heterocyclic amino group]; 

R 4 is hydrogen, hydroxy, or acetoxy; 

A represents either a group CHR 21 CHR 22 OH or a group 



23 



X N CHCOR 

[where R 21 is hydrogen, C^galkyl, C 3 _gcycloaIkylC 1 _ 4 aIkyl or ArCj^alkyl, R 22 
is hydrogen, Cj.galkyl, C 3-g cycloalkylC j _ 4 alky 1, ArCj. 4 alkyl, 
CHR 24 CONR 25 R 26 (where R 24 is hydrogen, C 1 . fi alkyl, 
C 3 . 8 cycloalkylC 1 . 4 alkyl or ArCj^alkyl, R 25 is hydrogen or methyl and R 26 is 
hydrogen, Cj.galkyl optionally substitued by one or two hydroxyl groups, aryl, 
heteroaryl, C 3 _gcycloalkylCj_ 4 aikyl, ArCj_ 4 alkyl wherein the Chalky 1 portion is 
optionally substituted by hydroxymethyl, or HetCj. 4 alkyl) or CHR 24 NHCOR 27 
(where R 27 is Cj.g alkyl, C 3 _g cycloalkylCj^alkyl or a ArC^alkyl), R 23 is 
C 1-6 aIkoxy or NR 2 ^R 2 ^ (where R 2 ^ is hydrogen or methyl and R 2 ^ is hydrogen, 
C 1-6 alkyl, aryl, ArCj_ 4 alkyl or C 3 _gcycloalkylCj_ 4 alkyI); 
X is a group 

-CHR 30 (CHR 31 ) r (CHR 32 ) s CHR 33 - 

where R 3 ^ and R 33 are hydrogen, r is 1, s is zero and R 3 * is hydroxyl or 
hydroxymethyl, or R 30 and R 33 are hydrogen, rand s are 1 and R 3 * and R 3 2 are 
each hydrogen or hydroxyl provided that at least one of R 31 and R 32 is hydroxyl, 
or one of R 30 and R 33 is hydrogen and the other is hydroxymethyl and r and s are 
zero; 

Y is a methyl group and Z is a C 5 or Cg cycloalkylmethyl group or Y and Z 
together represent a trimethylene or tetramethylene group in which one of the 
-CHn- groups is optionally replaced by -O-, -S- or -NR 34 - (where R 34 is hydrogen, 
Cj.galkyl, ArCj_ 4 alkyl, COR 35 , C0 2 R 35 or CONHR 35 where R 35 is Cj.galkyl, 



WO 93/01174 



PCT/EP92/01494 



-4- 

aryl, ArCj^alkyl or C 3 . 8 cycloalkylC 1 . 4 aIkyl) and one or more of the -CH 2 - 
groups is optionally substituted by a Cj.galkyl, C^gaikoxy, aryl, ArCj. 4 alkyl, 
ArCj^alkoxy or heteroaryl group or by two Cj.galkyl groups, or Y and Z together 
represent a trimethylene or tetramethylene group fused to a benzene ring or to a 5 
or 6 membered cycloalkane or cycloalkene ring]; 

and physiologically acceptable salts and solvates thereof. 

Suitable physiologically acceptable salts of the compounds of formula (I) 
include acid addition salts formed with organic or inorganic acids [for example, 
hydrochlorides, hydrobromides, sulphates, alkyl- or arylsulphonates (e.g. 
methanesulphonates or p-toluenesulphonates), phosphates, acetates, citrates, 
succinates, lactates, tartrates, fumarates and maleates] and inorganic base salts such 
as alkali metal salts (for example sodium salts). The solvates may, for example, be 
hydrates. 

Other salts which are not physiologically acceptable may be useful in the 
preparation of compounds of formula (I) and these form a further aspect of the 
invention. 

In formula (I) hereinabove the ring carbon atom carrying the group 
R 2 NHCHR 3 - and the carbon atom carrying the groups R 2 NH- and R 3 are in the R 
configuration. Where compounds of formula (I) contain one or more other chiral 
centres it is to be understood that the present invention encompasses the individual 
diastereoisomers of compounds of formula (I) as well as wholly or partially 
racemic mixtures thereof. 

As used herein, the term 'alkyl' as a group or part of a group means a straight 
or branched chain alkyl group, for example a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, s-butyl or t-butyl group. The term 'C 3 _ 8 cycloalkyr as a group or part of a 
group includes, for example, cyclopropyl, cyclopentyl and cyclohexyl. The terms 
'aryl' and 'Ar\ as a group or part of a group respectively, mean a phenyl or 
naphthyl group optionally substituted by one or more suitable substituents. The 
terms 'heteroaryl* and 'Het\ as a group or part of a group respectively, mean an 
optionally fused 5- or 6-membered heterocyclic group containing one or more 
heteroatoms selected from S, N and O and optionally substituted by one or more 
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suitable substituents. Suitable substituents referred to above within the definitions 
of 'aryP, *Ar\ 'heteroaryF and 'Hef include halogen, C^alkyl, a group 
(CH^R 36 [where r is zero, 1, 2, 3 or 4 and R 36 is selected from OH, C 1 _ 3 aIkoxy, 
CF 3 , CN, N0 2 , heteroaryl, C0 2 R 37 (where R 37 is hydrogen or C 1-6 alkyl), 
CONR 38 R 39 , S0 2 NR 38 R 39 or NR 38 R 39 (where R 38 and R 39 each 
independently represent hydrogen, Cj^alkyl or phenyl or together with the 
nitrogen atom to which they are attached form a saturated heterocyclic amino 
group)], phenyl, phenoxy and phenylCj^alkyl (such phenyl, phenoxy and 
phenylC 1-4 alkyl substituents themselves optionally substituted in the phenyl ring 
by halogen, Cj^alkyl, Cj_3alkoxy or CF3). Examples of heterocyclic ring 
systems include thienyl, furyl, pyridyl, pyrrolyl, isothiazolyl, thiadiazolyl, 
oxazolyl, benzothienyl, benzofuryl, indolyl, quinolyl, thiazolyl, isoxazolyl, 
imidazolyi, pyrazolyl, 1,2,4-triazoIyI, tetrazolyl, pyrazinyl, pyridazinyl, 
pyrimidinyl, benzothiazolyl, quinazolinyl, quinoxalinyl, cinnolinyl, benzoxazolyl 
and benzimidazolyl. The term 'halogen 9 means fluorine, chlorine, bromine or 
iodine. The term 'saturated heterocyclic amino group' means a nitrogen linked 
cyclic amine group having 5, 6, 7 or 8 ring members and optionally containing in 
the ring -O- or -NR 40 - (where R 40 is hydrogen, C 1 . 4 alkyl, aryl or ArC 1 . 4 alkyI). 
The saturated heterocyclic amino group may for example have 5, 6 or 7 ring 
members and includes as examples pyrrolidino, piperidino, morpholino, 
piperazino, N-phenylpiperazino, homomorpholino and hexamethyleneimino. 

Specific examples of the groups 'aryl' and * Ar' include phenyl or phenyl 
substituted by F, CI, di-Cl, OH, methyl, methoxy, CF 3 , N0 2 , CH 2 OH, C0 2 H, 
C0 2 Bu-t, (CH 2 ) f NR 38 R 39 (where r is zero or 1 and R 38 and R 39 each 
independently represent hydrogen or Cj^alkyl or together with the nitrogen atom 
to which they are attached form a 5, 6 or 7 membered saturated heterocyclic amino 
group), phenyl or benzyl, and naphthyl or naphthyl substituted by ethoxy. 

Specific examples of the groups 'heteroaryl' and *Hef include 2, 3 or 4- 
pyridyl, 4-imidazolyl, 2 or 3-thienyl, 5-methyI-3-phenyl-4-isoxazolyi and 
benzimidazol-2-yl. 
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X specifically represents a group selected from -CH(CH 2 OH)CH 2 -,- 
CH 2 CH(CH 2 OH).,.CH2CH(OH)CH 2 -,.CH2CH(CH 2 OH)CH2-,- 
OT 2 CH(OH)CH 2 CH 2 -, -CH 2 CH 2 CH(OH)CH 2 - and -CH 2 CH(OH)OH(OH)CH 2 -. 

R 1 preferably represents a hydrogen atom or a methyl group. 

R 2 preferably represents a group selected from COAr (where Ar is biphenyl), 
COCH 2 R 5 (where R 5 is Cj.galkyI, for example Cj^alkyl such as isopropyl; aryl, 
for example phenyl optionally substituted by chlorine; heteroaryl, for example 
pyridyl; aryloxy, for example phenoxy; or ArC 1 . 4 aIkyl, for example ArCH 2 such 
as benzyl) or COR 6 (where R 6 is cyclopropyl substituted by phenyl). 

Compounds in which R 2 represents COCH 2 Ph, 
COCH-, Ph 

a 




COCH 2 OPh, COCCH^Ph or COCH 2 Pr-i 

are particularly preferred. 

R 3 preferably represents a group CONR 13 R 14 where R 13 and R 14 are as 
defined hereinabove. Such compounds in which R* 3 is hydrogen and R* 4 is a 
group selected from ArC 1 . 4 alkyl (e.g. ArC 1 . 2 alkyl where Ar is phenyl optionally 
substituted by CF 3 , methoxy, NR 38 R 39 where R 38 and R 39 each independently 
represent methyl or ethyl or together with the nitrogen atom to which they are 
attached form a pyrrolidino group, CI, di-Cl or C0 2 R 37 where R 37 is hydrogen or 
Cj^alkyl e.g. t-butyl), HetC^alkyl (e.g. HetC^alkyl where Het is pyridyl, e.g. 
2-pyridyl), C 3 . 8 cycloaIkylmethyl (e.g. cyclohexylmethyl) or CH 2 CF 3 or R 13 is 
hydrogen or methyl and R 14 is methyl or ethyl or R 13 and R 14 together with the 
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nitrogen atom to which they are attached form a piperidino group are particularly 
preferred. 

R 3 may particularly represent CONHCH 2 Ph, CONHCH 2 CH 3 , 
CONHCH 2 CH 2 Ph, CONMe 2 , 





R 22 preferably represents a group CHR 24 CONR 25 R 26 where R 24 , R 25 and 
are as defined previously. 
The group 

R 1 

-NCHR^CHR^OH 

may particularly represent a group -NHCHR 21 CH(OH)CH 2 CONHR 26 where R 21 
and R 2 ^ are as defined previously. Compounds in which R 21 represents 
ArCj.^alkyl (e.g. benzyl) and R 2 ^ represents ArCj. 4 alkyl (e.g. benzyl) or 
HetC-^alkyl (e.g. benzimidazol-2-yImethyl) are preferred. 

Examples of ring systems represented by NY-CHZ include thiazolidine, 
piperazine, piperidine, 1,2,3,4-tetrahydroquinoline, 1,2,3,4-tetrahydroisoquinoline 
and decahydroisoquinoline. 

A preferred group of compounds of the present invention are compounds of 
formula (I) in which A represents a group 
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X N CHCOR 23 

where X and R 23 are as defined above and the group NY-CHZ forms a monocyclic 
or tricyclic ring system as defined above. 

A particularly preferred group of compounds of the invention are those of 
formula (la) 

R 3 

R 2 NHCH (R) 



(*)>— S CH 




CH 3 "'• 



*CN-X- 



1 




(la) 



wherein R*-R 3 , R 23 and X are as defined above, and physiologically acceptable 
salts and solvates thereof 

The group X as referred to in formulae (I) and (la) above may preferably 
represent -CH 2 CH(OH)CH 2 -. 

The group R 23 as referred to in formulae (I) and (la) above may preferably 
represent NR^R 29 , especially where R 28 is hydrogen and R 29 is C 1 . 6 alkyl (e.g. 
t-butyl). 

It is to be further understood that the present invention includes all 
combinations of the aforementioned preferred and particular groupings. 

Particularly preferred compounds according to the invention are: 
[2R-[2a(R*),4^[2 , R*S*,3 ,f S*,4a ,, S*,8a ,, R*]]]-4-[[[2-hydroxy-3-[[[( 
dimethylethyl)amino]carbonyl]decahydro-2-isoquinolinyI] 
propyl]amino]carbonyl]-5,5-dimethyl-N-[[[(l,l-dimethylethoxy) carbonyl] 
amino]ethyl]-or-[(phenylacetyI)amino]-2-thiazolidineacetamide; 
[2R-[2a(R*),4^[2 , R*S*,3 ,, S*,4a ,, S*,8a ,, R*]]]-N-cylohexyimethyl-4-[[[2- 
hydroxy-3-[[[(l, 1 - dim ethyl ethyl )amino] carbon y I ]decahydro-2- 



WO 93/01174 



PCT/EP92/01494 



-9- 

isoquinolinyl]propyl]amino]carbonyI]-5,5-dimethyl-of-[(phenylacetyl)amino]-2- 
thiazolidineacetamide; 

[2R-[2«(R*),4^[2'S*,3**S*,4a"S*,8a"R*]]]-4-[[[2-hydroxy-3-[[[(l,l- 

(dimethylethyl)amino]carbonyl]decahydro-2- 

isoquinolinyl]propyl]amino]carbonyI]-5,5-dimethyl-a-[(phenylacetyl)amino]-2- 
thiazolidineacetamide; 

[2R-[2«(R*),4^[2'S*,3"S*,4a"S*,8a"R*]]].N-ethyl.4.[[[2-hydroxy-3.[[[(l,l- 
(dimethylethyl)amino]carbonyl]decahydro-2- 

isoquinoIinyl]propyl]amino]carbonyl]-5,5-dimethyI-a-[(phenylacetyl)amino]-2- 
thiazolidineacetamide; 

[2R-[2«(R*),40[2'S*,3''S*,4a''S*,8a''R*]]]-N-[4- 
[(dimethylamino)phenyl]methyl]-4-[[[2-hydroxy-3-[[[(l,l- 
dimethylethyl)amino]carbonyl3decahydro-2-isoquinolinyl]propyl]amino]carbonyl]- 
5,5-dimethyl-a-[(phenylacetyl)amino]-2-thiazolidineacetamide; 

[2R-[2a(R*) > 4^[2'S*4"S,4a"S f 8a''R]]]-S,5-dimethyl-4-[[[2-hydroxy-3-[l.[[(l^ 
dimethyIethyl)amino]carbonyl]decahydro-2-isoquinolinyI]propyl]amino]carbonyl]- 
a-[(phenylacetyl)amino]-2-thiazolidineacetic acid methyl ester; 

[2R-[2a(R*),4/3[2'S*,3'*S*,4a"S*,8a"R*]]]-o ( -[[4-(fluorophenyl)acetyl]amino]- 
4 "[[[~ 3 -[[( 1 »l- d »niethylethyl)amino3carbonyl]decahydro-2-isoquinolinyl]-2- 
hydroxypropyl]amino]cariK)nyl]-N<2-pyridinylmethyI)-2-thiazolidineacetainide; 
and physiologically acceptable salts and solvates thereof. 

Other preferred compounds according to the invention are 2R- 
[2a(R*),4/J(2 , S*,3"S*,4a"S*,8a"R*)].5,5-dimethyl-«-[(phenylacetyl)amino]-N- 
phenylmethyl-4-[[[l-(2-phenyl-l-hydroxymethyl)ethyl]amino]carbonyl]-2- 
thiazolidineacetamide; 

2R-[2a(R*),4/?(R*,R*)-5,5-dimethyl-a-[(phenylacetyl)amino]-N-phenylmethyl-4- 
[[[ 1 -[( 2 -hydroxy)-4-[[(lH-benzimidazol-2-yl)methyl]amino]-4-oxo-l- 
(phenylmethyl)butyl]amino]carbonyl]-2-thiazoIidineacetamide; and 
2R-[2a(R*),4^(R*,R*)-5,5-dimethyl-a-[(phenylacetyl)amino]-N-phenylmethyl-4- 
[[[ 1 -[( 2 " h y droxy )-4-[(pheny lmethy l)am ino]-4-oxo - 1 - 
(phenylmethyl)butyl]amino]carbonyl]-2-thiazolidineacetamide 
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and physiologically acceptable salts and solvates thereof. 

The compounds of the invention possess antiviral activity- In particular 
compounds of the invention are effective in inhibiting the replication of 
retroviruses, including human retroviruses such as human immunodeficiency 
viruses (HIV's), the causative agents of AIDS. 

There is thus provided as a further aspect of the invention a compound of 
formula (I) or a physiologically acceptable salt or solvate thereof for use as an 
active therapeutic agent, in particular as an antiviral agent, for example in the 
treatment of retroviral infections. 

In a further or alternative aspect there is provided a method for the treatment 
of a viral infection, in particular an infection caused by a retrovirus such as HIV, in 
a mammal including man comprising administration of a therapeutically effective 
amount of a compound of formula (I) or a physiologically acceptable salt or solvate 
thereof. 

There is also provided in a further or alternative aspect of the invention the 
use of a compound of formula (I) or a physiologically acceptable salt or solvate 
thereof for the manufacture of a medicament for the treatment of a viral infection, 
for example in the treatment of a retroviral infection. 

The compounds of the invention are also potentially useful in the treatment 
of AIDS related conditions such as AIDS-related complex (ARC), progressive 
generalised lymphadenopathy (PGL), AIDS-related neurological conditions (such 
as dementia or tropical paraparesis), anti-HIV antibody positive and HIV-positive 
conditions, Kaposi's sarcoma and thrombocytopenia purpura. 

The compounds of the invention are also useful in the prevention of 
progression to clinical illness of individuals who are anti-HIV antibody or HIV- 
antigen positive and in prophylaxis following exposure to HIV. 

The compounds of formula (I) or the physiologically acceptable salts or 
solvates thereof may also be used for the prevention of viral contamination of 
physiological fluids such as blood or semen in vitro. 

Compounds of formula (I) may also be useful as intermediates in the ~ 

preparation of other compounds of the invention. 
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The protease inhibiting properties of the compounds of the present invention 
can be demonstrated in vitro by their ability to inhibit the hydrolysis of an 
appropriate peptide substrate by HIV protease according to methods generally 
known in the art. 

The antiviral activity of compounds of the invention may be demonstrated in 
vitro by their effect on cells infected with HIV-RF according to the following 
procedure :- 

(a) C8166 cells were infected with HIV-1 (strain RF) at a moi of 1 x 1(T 3 
infectious units /cell. Aliquots of 10^ cells were added to each well of 24-well 
plates containing serial dilutions of test compounds at final concentrations of 
50jig/ml to 0.05jzg/mi in RPMI 1640 growth medium. Untreated infected cells and 
untreated uninfected cells were also included as controls. The plates were incubated 
at 37^C/5% carbon dioxide for 3-4 days in humidified containers. The cells were 
examined daily for evidence of HIV-1 induced syncytium formation. The syncytia 
were quantified by reference to the untreated infected controls and the dose of 
compound required to reduce the cytopathic effect by 50% (EC50) was calculated. 

(b) Virus injections were prepared according to the inhibition of syncytium 
formation assay hereinabove. Supernatant fluids cleaved by centrifugation were 
assayed for p24 antigen using an ELISA kit. The synthesis of p24 core antigen was 
quantified by reference to the untreated infected controls and the dose of compound 
required to reduce the cytopathic effect by 50%. (EC^q) was calculated. 

It will be appreciated by those skilled in the art that reference herein to 
treatment extends to prophylaxis as well as the treatment of established infections 
or symptoms. 

It will be further appreciated that the amount of a compound of the invention 
required for use in treatment will vary not only with the particular compound 
selected but also with the route of administration, the nature of the condition being 
treated and the age and condition of the patient and will be ultimately at the 
discretion of the attendant physician or veterinarian. In general however a suitable 
dose will be in the range of from about 1 to about 750mg/kg of bodyweight per 
day, such as about 3 to about 120mg per kilogram body weight of the recipient pec 
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day, preferably in the range of 6 to 90mg/kg/day, most preferably in the range of 15 
to 60mg/kg/day. 

The desired dose may conveniently be presented in a single dose or as 
divided doses administered at appropriate intervals, for example as two, three, four 
or more sub-doses per day. 

The compound is conveniently administered in unit dosage form; for 
example containing 10 to 1500mg, conveniently 20 to lOOOmg, most conveniently 
50 to 700mg of active ingredient per unit dosage form. 

Ideally the active ingredient should be adminsitered to achieve peak plasma 
concentrations of the active compound of from about 1 to about 75 /iM, preferably 
about 2 to 50mM, most preferably about 3 to about 30mM. This may be achieved, 
for example, by the intravenous injection of a 0.1 to 5% solution of the active 
ingredient, optionally in saline, or orally administered as a bolus containing about 1 
to about lOOmg of the active ingredient Desirable blood levels may be maintained 
by a continuous infusion to provide about 0.01 to about 5.0 mg/kg/hour or by 
intermittent infusions containing about 0.4 to about 15mg/kg of the active 
ingredient 

While it is possible that, for use in therapy, a compound of the invention may 
be administered as the raw chemical it is preferable to present the active ingredient 
as a pharmaceutical formulation. 

The invention thus further provides a pharmaceutical formulation comprising 
a compound of formula (I) or a physiologically acceptable salt or solvate thereof 
together with one or more pharmaceutical^ acceptable carriers thereof and, 
optionally, other therapeutic and/or prophylactic ingredients. The carriers) must 
be 'acceptable' in the sense of being compatible with the other ingredients of the 
formulation and not deleterious to the recipient thereof. 

Pharmaceutical formulations include those suitable for oral, rectal, nasal, 
topical (including buccal and sub-lingual), vaginal or parenteral (including 
intramuscular, sub-cutaneous and intravenous) administration or in a form suitable 
for administration by inhalation or insufflation. The formulations may, where 
appropriate, be conveniently presented in discrete dosage units and may be 
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prepared by any of the methods well known in the art of pharmacy. All methods 
include the step of bringing into association the active compound with liquid 
carriers or finely divided solid carriers or both and then, if necessary, shaping the 
product into the desired formulation. 

Pharmaceutical formulations suitable for oral administration may 
conveniently be presented as discrete units such as capsules, cachets or tablets each 
containing a predetermined amount of the active ingredient; as a powder or 
granules; as a solution, a suspension or as an emulsion. The active ingredient may 
also be presented as a bolus, electuary or paste. Tablets and capsules for oral 
administration may contain conventional excipients such as binding agents, fillers, 
lubricants, disintegrants, or wetting agents. The tablets may be coated according to 
methods well known in the art. Oral liquid preparations may be in the form of, for 
example, aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or 
may be presented as a dry product for constitution with water or other suitable 
vehicle before use. Such liquid preparations may contain conventional additives 
such as suspending agents, emulsifying agents, non-aqueous vehicles (which may 
include edible oils), or preservatives. 

The compounds according to the invention may also be formulated for 
parenteral administration (e.g. by injection, for example bolus injection or 
continuous infusion) and may be presented in unit dose form in ampoules, pre- 
filled syringes, small volume infusion or in multi-dose containers with an added 
preservative. The compositions may take such forms as suspensions, solutions, or 
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as 
suspending, stabilising and/or dispersing agents. Alternatively, the active 
ingredient may be in powder form, obtained by aseptic isolation of sterile solid or 
by lyophilisation from solution, for constitution with a suitable vehicle, e.g. sterile, 
pyrogen-free water, before use. 

For topical administration to the epidermis the compounds according to the 
invention may be formulated as ointments, creams or lotions, or as a transdermal 
patch. Ointments and creams may, for example, be formulated with an aqueous or 
oily base with the addition of suitable thickening and/or gelling agents. Lotions 
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may be formulated with an aqueous or oily base and will in general also contain 
one or more emulsifying agents, stabilising agents, dispersing agents, suspending 
agents, thickening agents, or colouring agents. 

Formulations suitable for topical administration in the mouth include 
lozenges comprising active ingredient in a flavoured base, usually sucrose and 
acacia or tragacanth; pastilles comprising the active ingredient in an inert base such 
as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the 
active ingredient in a suitable liquid carrier. 

Pharmaceutical formulations suitable for rectal administration wherein the 
carrier is a solid are most preferably presented as unit dose suppositories. Suitable 
carriers include cocoa butter and other materials commonly used in the art, and the 
suppositories may be conveniently formed by admixture of the active compound 
with the softened or melted carrier(s) followed by chilling and shaping in moulds. 

Formulations suitable for vaginal administration may be presented as 
pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to 
the active ingredient such carriers as are known in the art to be appropriate. 

For intra-nasal administration the compounds of the invention may be used 
as a liquid spray or dispersible powder or in the form of drops. 

Drops may be formulated with an aqueous or non-aqueous base also 
comprising one more more dispersing agents, solubilising agents or suspending 
agents. Liquid sprays are conveniently delivered from pressurised packs. 

For administration by inhalation the compounds according to the invention 
are conveniently delivered from an insufflator, nebuliser or a pressurised pack or 
other convenient means of delivering an aerosol spray. Pressurised packs may 
comprise a suitable propellant such as dichlorodifluoromethane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas. In the case of a pressurised aerosol the dosage unit may be 
determined by providing a valve to deliver a metered amount. 

Alternatively, for administration by inhalation or insufflation, the compounds 
according to the invention may take the form of a dry powder composition, for 
example a powder mix of the compound and a suitable powder base such as lactose 
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or starch. The powder composition may be presented in unit dosage form in, for 
example, capsules or cartridges or e.g. gelatin or blister packs from which the 
powder may be administered with the aid of an inhalator or insufflator. 

When desired the above described formulations adapted to give sustained 
release of the active ingredient may be employed. 

The pharmaceutical compositions according to the invention may also 
contain other active ingredients such as antimicrobial agents, or preservatives. 

The compounds of the invention may also be used in combination with other 
therapeutic agents for example other antiinfective agents. In particular the 
compounds of the invention may be employed together with known antiviral 
agents. 

The invention thus provides, in a further aspect, a combination comprising a 
compound of formula (I) or a physiologically acceptable derivative thereof together 
with another therapeutically active agent, in particular an antiviral agent. 

The combinations referred to above may conveniently be presented for use in 
the form of a pharmaceutical formulation and thus pharmaceutical formulations 
comprising a combination as defined above together with a pharmaceutical^ 
acceptable carrier thereof comprise a further aspect of the invention. 

Suitable therapeutic agents for use in such combinations include (-)-cis-4- 
amino-l-(2-hydroxymethyl-l,3-oxathiolan-5*yI)-(lH)-pyrimidin-2-one (3TC), 3'- 
azido-S'-deoxythymidine (AZT), ribavirin, S'-azido^'^'-dideoxyuridine, acyclic 
nucleosides such as acyclovir, interferons such as a-interferon, renal excretion 
inhibitors such as probenicid, inhibitors of retroviral protease, 2\3'- 
dideoxynucleosides such as 2\3 , -dideoxycytidine, 2\3'-dideoxyadehosine 2\3*- 
dideoxyinosine and 2\3'-dideoxy-2\3*- didehydrothymidine, non-nucleoside 
reverse transcriptase (RT) inhibitors including TIBO compounds (e.g. Janssen's 
R82150), HEPT compounds and Boehringer Ingleheim's RG587, 
immunomodulators such as interleukin II (IL2) and granulocyte macrophage 
colony stimulating factor (GM-CSF), erythropoetin and ampligen. 
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The individual components of such combinations may be administered 
either sequentially or simultaneously in separate or combined pharmaceutical 
formulations. 

When a compound of formula (I) or a pharmaceutical ly acceptable derivative 
thereof is used in combination with a second therapeutic agent active against the 
same virus the dose of each compound may differ from that when the compound is 
used alone. Appropriate doses will be readily appreciated by those skilled in the 
art* 

Suitable methods for preparing compounds of formula (I) and their 
physiologically acceptable salts and solvates are described below. 

Thus, in a first process (A), compounds of formula (I) in which R represents 
COOR 12 or CONR 13 R 14 may be prepared from compounds of formula (II) 

R 2 NH 




i 

o 

(wherein R 1 , R 2 , R 4 and A are as defined previously) or protected derivatives 
thereof by treating said compounds of formula (II) with an appropriate nucleophile 
R 12 OH or R 13 R 14 NH, followed, where necessary, by the removal of any 
protecting groups present. 

The reaction is conveniently carried out in a suitable solvent such as water, a 
halogenated hydrocarbon (e.g. dichloromethane), an ether (e.g. tetrahydrofuran), an 
alcohol (e.g. ethanol or methanol) or a water-miscible solvent such as 
dimethylfonnamide or dimethylsulphoxide or a suitable mixture of such solvents at 
about room temperature, optionally in the presence of a suitable base such as an 
amine (eg diisopropylethylamine). When R 13 and R 14 both represent hydrogen 
atoms the amination reaction is conveniently effected using aqueous ammonia - 
solution. When R 12 is C 1 . 6 alkyl or ArC^alkyl the reaction is effected using an 
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alcohol R 12 OH or an alkali metal alkoxide (e.g. NaOR 12 ). When R 12 is hydrogen 
the reaction is conveniently effected using a hydroxide such as sodium hydroxide. 

In a further process (B) compounds of formula (I) may be prepared by 
coupling the carboxylic acids of formulae (III) 

R 3 

R 2 NHCH 




(wherein R -R 4 are as defined previously) or salts and/or protected derivatives 
thereof with an aminoalcohol of formula (IV) 

HR*NA (IV) 

(wherein R* and A are as defined previously) or a protected derivative thereof, 
followed, where necessary, by the removal of any protecting groups present. The 
coupling may conveniently be effected in the presence of a coupling agent such as 
2-(lH-benzotriazol-l-yl)-l,l»3,3-tetramethyluronium tetrafluoroborate in the 
presence of a base such as N,N-diisopropylethylamine and in a suitable solvent 
(e.g. dimethylformamide) or N,N'-dicyclohexylcarbodiimide optionally in the 
presence of 1-hydroxybenzotriazole (or its hydrate) and in a suitable solvent such 
as a halogenated hydrocarbon (e.g. dichloromethane) or, more particularly, an ether 
(e.g. tetrahydrofuran). Under these conditions the reaction may conveniently be 
carried out at about room temperature. The coupling may alternatively be effected 
in the presence of ethyl chloroformate and N-ethylpiperidine in a suitable solvent 
such as a halogenated hydrocarbon (e.g. dichloromethane), conveniently at a 
temperature in the range of -20°C to +50°C 

In another process (C) compounds of formula (I) may be converted to other 
compounds of formula (I). 

In a particular embodiment of this process, compounds of formula (I) in 
which represents an acyl or sulphonyl group may be prepared from the 
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corresponding primary amine of formula (I) using conventional acylating or 

sulphonylating means. Thus, for example, a group C0 2 CH 2 Ar or C0 2 CH 2 Het 

may be introduced by reacting the amine with a haloformate (e.g. a chloroformate 

ClC0 2 CH 2 Ar or ClC0 2 CH 2 Het) in a solvent such as water, preferably in the 

presence of a base such as an alkali metal carbonate (e.g. sodium carbonate). The 

amine may be regenerated from the so-formed grouping by treatment with an acid 

such as hydrobromic acid in acetic acid, conveniently in a solvent such as a 

haiogenated hydrocabon (e.g. dichloromethane). A group COAr, COHet, 

COCH 2 R 5 , COCH=CHPh or COR 6 may be introduced by reacting the amine with 

an appropriate acid in the presence of an activator such as l-(3- 

dimethylaminopropyl-3-ethylcardodiimide in a haiogenated hydrocarbon solvent 

such as dichloromethane or in a solvent system comprising dioxane and water in 

the presence of triethylamine. Alternatively, the desired group may be introduced 

by reacting the amine with an anhydride in the presence of a suitable base such as 

7 

an organic base (e.g. pyridine). A group S0 2 Ar, S0 2 Het, S0 2 CH 2 R , 
S0 2 CH=CHPh or S0 2 R 8 may be introduced by reacting the amine with an 
appropriate sulphonyl halide (e.g. a sulphonyl chloride) conveniently in a solvent 
such as a haiogenated hydrocarbon (e.g. dichloromethane) and preferable in the 
presence of a suitable base such as an organic base (e.g. triethylamine). 

In another particular embodiment of process (C), compounds of formula (I) 
in which R 3 contains a carboxyl group may be prepared from the corresponding 
carboxylic acid ester of formula (I) using conventional means. Thus, for example, 
conversion of a t-butyl ester to be corresponding acid may conveniently be carried 
out by treating the ester with an acid such as hydrobromic acid in acetic acid, 
conveniently in a solvent such as a haiogenated hydrocarbon (e.g. 
dichloromethane). 

Compounds of formula (II) may be prepared by coupling a carboxylic acid of 
formula (V) 
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R 2 ] 



o 




(V) 



(wherein R z and R 4 are as defined previously) or a salt thereof with an 
aminoalcohol of formula (IV) according to the procedure described in process (B) 
hereinabove. 

Compounds of formula (III) in which R 3 represents COOR 12 or 
CONR 13 R 14 may be prepared by treating the corresponding compounds of 
formula (V) with an appropriate nucleophile under the conditions described for 
process (A) hereinabove* Compounds of formula (III) in which R 3 represents 
C^galkyl may be prepared from the corresponding compounds of formula (III) in 
which R 3 represents COOH using methodology well known to those of ordinary 
skill in the art. 

Compounds of formulae (III) in which R 3 is hydrogen and compounds of 
formulae (IV) and (V) are either known compounds or may be prepared from the 
known compounds of formulae (III), (IV) and (V) using conventional means. 
Thus, for example, compounds of formula (IV) may be prepared according to the 
procedures illustrated in the Examples hereinafter. 

It will be appreciated that some functional groups present in appropriate 
starting materials hereinabove may need to be protected, and deprotection may thus 
be required as an intermediate or final step to yield the desired compound. 
Protection and deprotection of functional groups may be carried out using 
conventional means. Thus, for example, amino groups may be protected by a 
group selected from aralkyl (e.g. benzyl), acyl or sulphonyl (e.g. allylsulphonyl or 
tosyl); subsequent removal of the protecting group being effected when desired by 
hydrolysis or hydrogenolysis as appropriate using standard conditions. Hydroxyl 
groups may be protected using any conventional hydroxyl protecting group, for 
example, as described in 'Protective Groups in Organic Chemistry*, Ed. J. F. W. 
McOmie (Plenum Press, 1973) or 'Protective Groups in Organic Synthesis* by 
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Theodora W. Greene (John Wiley and Sons, 1981). Examples of suitable hydroxy 1 
protecting groups include groups selected from alkyl (e.g. methyl, t-butyl or 
methoxymethyl), aralkyl (e.g. benzyl, diphenylmethyl or triphenylmethyl), 
heterocyclic groups such as tetrahydropyranyl, acyl (e.g. acetyl or benzoyl) and 
silyl groups such as trialkylsilyl (e.g. t-butyldimethylsilyl). The hydroxyl 
protecting groups may be removed by conventional techniques. Thus, for example, 
alkyl, silyl, acyl and heterocyclic groups may be removed by solvolysis, e.g. by 
hydrolysis under acidic or basic conditions. Aralkyl groups such as 
triphenylmethyl may similarly be removed by solvolysis, e.g. by hydrolysis under 
acidic conditions. Aralkyl groups such as benzyl may be cleaved by 
hydrogenolysis in the presence of a Noble metal catalyst such as palladium-on- 
charcoal. Silyl groups may also conveniently be removed using a source of 
fluoride ions such as tetra-n-butylammonium fluoride. Carboxyl protecting groups 
may conveniently be protected using appropriate hydroxyl protecting groups above 
with deprotection effected according to the methods described above. 

Particular isomers of formula (I) may either be prepared from starting 
materials having the desired stereochemistry or by epimerisation at an appropriate 
stage in the synthesis of the required compounds of formula (I). Epimerisation may 
be effected using conventional means, for example by treatment with an 
appropriate acid. 

It will be appreciated that interconversions as outlined in process (C) above 
may also be carried out on appropriate intermediates such that the desired R 2 and 
R 3 groupings are introduced prior to the final step conversion reaction. 

Compounds of formula (II) are novel intermediates and represent a further 
aspect of this invention. 

When it is desired to prepare an acid addition salt of a compound of formula 
(I) the product of any of the above procedures may be converted into a salt by 
treatment of the resulting free base with a suitable acid using conventional 
methods. 

Physiologically acceptable acid addition salts of the compounds of formula 
(I) may be prepared by reacting a compound of formula (I) in the form of the free 
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base with an appropriate acid optionally in the presence of a suitable solvent such 
as an ester (e.g. ethyl acetate) or an alcohol (e.g. methanol, ethanol or isopropanol). 

Inorganic basic salts may be prepared by reacting the free base of a 
compound of formula (I) with a suitable base e.g. an alkoxide such as sodium 
methoxide optionally in the presence of a solvent (e.g. an alcohol such as 
methanol). 

Physiologically acceptable salts may also be prepared from other salts, 
including other physiologically acceptable salts, of the compounds of formula (I) 
using conventional methods. ' 

Solvates (e.g. hydrates) of a compound of formula (I) may be formed during 
the work-up procedure of one of the aforementioned process steps. 

The following Preparations and Examples illustrate the invention but do not 
limit the invention in any way. All temperatures are in ^C. 

Intermediate 1 

f3R,4S)^3-Hvdroxv-4»[[(l.l-di.methvlethvloxv)carbonyl')amino] benzenepentanoic 
acid 

Described by P. Jouin etal., J. Chem. Soc, Perkin Transactions 1, 1987, 

1177. 

Intermediate 2 

f2R-[2tf,5<x,6fl11-6-[f(4-Fluo 
azabicyclof3.2.0')heptane'2-carboxvlic acid 

Described by G. L. Clark, W. I. Kaye, K. J. Pipenberg and N. C. Schieltz, 
Chemistry of Penicillin, H. T. Clark et al .. Princeton University Press, 1949, 367- 
381. 

Intermediate 3 

ri , R.2 , R1-N-ri-r2-Hvdroxv-4-oxO'4ffphenvlmethvnamino]butvin carbamic 
acidX2-dimethvlethvI ester 
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Diisopropylethylamine (220^1), benzylamine (124/xl) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.4g) were added 
sequentially to a solution of Intermediate 1 (0.35g) in dimethylformaraide (13ml). 
The solution was stirred at room temperature for 18h and then partitioned between 
ethyl acetate and water. The organic phase was washed with 2N hydrochloric acid, 
saturated sodium hydrogen carbonate solution, and brine, dried (MgSO^ and the 
solvent evaporated in vacuo. The residue was purified by silica gel 
chromatography using chloroform : methanol (25:1) as eluant to afford the title 
compound (0.42g) as a white solid, mp. 127-129* , [a]g 2 = + 27.3* (C=0.88 in 
methanol). 

Intermediate 4 

[l , R.2 , R1-N>n-r2-Hvdroxv-4-oxo-l-Dhenvlmethvl-4-|T(lH-benzimidazoI-2- 
vnmethvllaminolbutynicarbamic acid,l,l-dimethvlethvl ester 

Diisopropylethylamine (660^1), 2-(aminomethyl)benzimidazole 
dihydrochloride hydrate (0,25g) and 2~(lH-benzotriazol-l-yl)-l, 1,3,3- 
tetramethyluronium tetrafluoroborate (0.4g) were added sequentially to a solution 
of Intermediate 1 (0.35g) in dimethylformamide (13ml). The solution was stirred 
at room temperature for 18h and then partitioned between ethyl acetate and water. 
The precipitated solid was collected by filtration to give the title compound (0.24g) 
as a white solid, mp. 199-201 • , [a]§ 2 = + 26.4 ' (O0.53 in dimethylsulphoxide). 

Intermediate 5 

fl , R,2 , R1-N-n-r2-Hvdroxv-4-oxo-4-rr2-methvlpropvnamino1-l- 
fphenvlmethvnbutvmcarbamic acid.l.l-dimethvlethvl ester 

Diisopropylethylamine (450m1), isobutylamine (1.2ml) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.43g) were added 
sequentially to a solution of Intermediate 1 (0.37g) in dimethylformamide (15ml). 
The solution was stirred at room temperature for 16h and partitioned between ethyl 
acetate and water. The organic phase was washed with IN hydrochloric acid, 
saturated sodium hydrogen carbonate solution, and brine, dried (MgSO^ and the 
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solvent evaporated in vacuo to leave a white solid. Purification by silica gel 
chromatography using chloroform/methanol (40:1) as eluant gave the title 
compound as a white solid (0.34g), mp. 139-141 ' , [«] D = -43.9 (C=l.l in 
methanol). 

Intermediate 6 
r2R-r2o^5a,6fl11-6-rrf4-Flu^ 

a2abicvclor3.2.01heptane-2-carboxvlic acid.N-ethvlpiperidine salt 

N-ethyl piperidine (3ml) in ether (55ml) was added to a solution of 
Intermediate 2 (7.7g) in ethyl acetate (ca. 200ml) to give a white precipitate. The 
mixture was stored at ca. 4' for 48h and then filtered to give the title compound 
(7.7g) as an off-white solid, mp. 133-135* , [a]g 2 = + 205* (C=1.0 in methanol). 

Intermediate 7 
r2R-r2«fR*\4fl11-5.5-Dimefo^ 

pyridinvlmethvnamino]ethvl]-4-thia2olidinecarboxylic acid 

2-Aminomethylpyridine (1.0ml) was added to a suspension of Intermediate 6 
(1.5g) in dichloromethane (15ml) and the mixture stirred at 15h. Evaporation of 
the solvent in vacuo gave a yellow oil which was dissolved in ethyl acetate (30ml). 
Water (15ml) was added and the pH of the aqueous layer adjusted to pH 3.0 using 
2M phosphoric acid. The organic layer was separated and the aqueous solution 
extracted with additional ethyl acetate. The combined organic extracts were 
washed with water and brine, dried (MgS0 4 ) and the solvent evaporated in vacuo 
to give the title compound as a white solid (0.81g), mp. 131-135', [a]^°= + 61.2 
(G=1.0 in methanol). 

Intermediate 8 

r2R-r2arR*\4gn-5.5-Dimethvl-2-r2-oxo-l-r( r phenvlacetvnamino1-2- 
rfethvlamino^ethvn^-thiazolidinecarboxvlicacid 

Anhydrous ethylamine (12ml) in dichloromethane (50ml) at 0* was added to 
a solution of penicillin G N-ethyl piperidine salt (26.0g) in dichloromethane 
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(600ml). The mixture was stirred at 20' for 18h and the resulting suspension 
cooled to 0' for 20 min. The white solid was filtered off and washed with 
dichloromethane (100ml). The solid was suspended in a stirred mixture of water 
(200ml) and dichloromethane (200ml) and orthophosphoric acid was added to 
pH3.0. The organic phase was separated, washed with water (2 x 100ml) and brine 
(50ml), dried (MgS0 4 ) and the solvent evaporated in vacuo to give the title 
compound as a white solid (13.8g) m.p. 110-114' [or]g 2 = + 91.3" (c = 1.3 in 
methanol). 

Intermediate 9 

r2R-r2of( r R*V4fl11-5.5-Dimethvl-2-r2-oxo-l-rrphenvla cetvnamino1-2-rrr4- 
rdimethvlamino^phenvnmethvnaminolethvn-4-thiazolidine carboxvlic acid 

Triethylamine (3.75ml) was added to a suspension of p- 
dimethylaminobenzylamine dihydrochloride (3.0g) in dichloromethane (60ml), 
followed by penicillin G N-ethyl piperidine salt (3.01g). The reaction mixture was 
stirred at room temperature for 18h and the solvent then evaporated in vacuo to 
give a solid. The solid was dissolved in a mixture of ethyl acetate (350ml) and 
water (150ml), and 2N phosphoric acid added to pH3.0. The aqueous layer was 
extracted with ethyl acetate (3 x 200ml) and the combined organic extracts washed 
with brine (200ml), dried (MgS0 4 ) and the solvent evaporated in vacuo to afford a 
white solid. Purification by silica gel column chromatography using 
chloroform/methanol (40:1) as eluant gave the title compound (2.0g), m.p. 176- 
180* , [«]d° = + 95 5 ' ( c = i- 05 in dimethylformamide). 

Intermediate 10 

[2R-f2gfR'" > >.4gn-5.5-Dimethvl-2-r2-oxo-l-rri.r-biphenvll-4-vlcarbonvnamino1- 
2-fethvlaminotethvn-4-thiazo1idinecarboxvlic acid 

Anhydrous ethylamine (3ml) was added to a solution of [2R-[2a,5a,6/J]]-6- 
[([l,l , -biphenyl]-6-ylcarbonyl)amino]-3,3-dimethyI-7-oxo-4-thia-l- 
azabicyclo[3.2.0]heptane-2-carboxylic acid 1 (3.0g) in dichloromethane (80ml) at 
0* . The mixture was stirred at room temperature for 17h and then partitioned 
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between ethyl acetate (150ml) and water (50ml). 2N Phosphoric acid was added to 
pH3.0 and the aqueous layer extracted with ethyl acetate (2x). The combined 
organic extracts were washed with brine, dried (MgS0 4 ) and the solvent 
evaporated in vacuo to afford a white solid. Recrystallisation from 
methanol/diethyl ether gave the title compound (0.7g), m.p. 133-136* , [a]f) 3 = 
+51.7* (c= 1.1 in methanol). 

1. R Kinget and M Schwartz, JJPharm.Sci, 1969, 58(9), 1103. 
Intermediate 11 

r3R,4SV3-Hvdroxv-4-rrfl,l-dimethvlethoxv)carbonvl]aminol benzenepentanoic 
acid, ethvl ester 

2.5M Butyl lithium (53ml) was added to a solution of diisopropylamine 
(18ml) in dry tetrahydrofuran (250ml) at -10' and after 15 min the temperature was 
lowered to -78' . Dry ethyl acetate (12.7ml) was added and the solution stirred for 
a further 15 min. Boc-(R)-phenylalaninal (23.8g; Y. Sasaki et_al., J. Med. Chem., 
1987, 30 1162) in tetrahydrofuran (150ml) was added dropwise and after stirring 
for 15 min 2N hydrochloric acid was added, the cooling bath removed and the pH 
adjusted to pH 2-3 with a further quantity of 2N hydrochloric acid. The mixture 
was extracted with ethyl acetate and the organic extract washed with 2N 
hydrochloric acid, saturated sodium hydrogen carbonate solution and brine. The 
ethyl acetate solution was dried (MgS0 4 ) and the solvent evaporated in vacuo to 
leave a solid. 3g of this product was purified by silica gel chromatography using 
ethyl acetate/cyclohexane (1:4) as eluant to afford after recrystallisation from ethyl 
acetate/cyclohexane the title compound (0.95g). mp. 86-88*, [a]^ 1 = +34.1 • 
(C=0.9 in methanol). 

Intermediate 12 

ri'R^'RI-N-n-rS-rAminocarbonvn^-hvdroxv-l-fphenvlmethvn 
propyl]"|carbamic acid-l.l-dimethvlethvl ester 
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Intermediate 11 was dissolved in methanol (5ml) at 0* and ammonia 
bubbled through the solution for Ih. The solution was stirred at room temperature 
for three days and excess ammonia removed by bubbling nitrogen. The solvent 
was evaporated in vacuo and the resulting solid purified by silica gel 
chromatography using chloroform/methanol (10:1) as eluant to afford the title 
compound (0.35g) as a white solid, mp. 173-175", [a]£ 3 = +44.4* (C=0.54 in 
methanol). 

Intermediate 13 

N-(2-Propenv0carbamic acid, 1.1-dimethylethvl ester 

2-Propenamine (l.Og) in chloroform (1ml) was added to a mixture of di-tert- 
butyldicarbonate (3.8g) in chloroform (10ml) over 5 min at 0* . After lh a solution 
of 1M phosphoric acid (20ml) was added and the layers separated. The organic 
phase was washed with saturated sodium hydrogen carbonate solution (20ml) and 
brine (20ml), dried (MgSO^ and the solvent evaporated in vacuo to an oil, which 
crystallised on standing to give the title compound (2.8g), m.p. 35-37" . 

Intermediate 14 

r2 , RSVN-r2"Oxiranvlmethvncarbamic acid, l.l-dimethvlethyl ester 

Intermediate 13 (2.7g) in dichloromethane (100ml) was stirred at room 
temperature with meta-chloroperbenzoic acid (6.0g) for 3h. A solution of sodium 
sulphite (8.0g in water 10% w/v) was then added and stirring continued for 30 min. 
The layers were then separated and the organic phase washed with saturated 
sodium hydrogen carbonate (50ml), dried (MgS0 4 ) and the solvent evaporated in 
vacuo to give the title compound as a clear oil (2.5g), *H nmr (CDCI3) 6 1.48 
(9H), 2.60 (IH), 2.80 (1H), 3.10 (1H), 3.22 (1H), 3.55 (1H) and 4.75 (1H). 

Intermediate 15 

r2*RS. 3" S. 4a " R. 8a ,, S1-N-r2-Hvdroxv-3-r3-rrfl,l' 
dimethvlethvl)amino1carbonvn*decahvdro-2-isoquinolinvnpropvl'|carbamic acid, 

1.1-dimethvlethvl ester 
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Intermediate 14 (O.lg) was added to a solution of [3S-[3«,4aa,8aa]]- 
decahydro-N-(l,l-dimethylethyl)-3-isoquinoline carboxamide 2 (0.14g) in ethanol 
(5ml) and the solution stirred for 72h at room temperature under nitrogen. The 
solvent was then evaporated in vacuo to give a clear oil, which was purified by 
silica gel column chromatography (Merck 9385, 20g) using chloroform/methanol 
(80:1) to give two diastereoisomers of the title compound: - 

Isomer 95m & *H nmr(DMSO-d 6 ) 6 1.25(9H), 1.38(9H), 1.1 to 2.1(14H), 
2.25(1H), 2.7 to 3.0(3H), 3.3 to 3.5 (1H), 3.58(1H), 4.75(1H), 6.68(1H) and 
7.36(1H), mass spec. [MH + ] 412.5. 

Isomer 2, 92mg, *H nmr (DMSO-d 6 ) 6 1.25(9H), 1.38(9H), 1.2 to 2.2(14H), 
2.30(1H), 2.4 to 2.6(1H), 2.80(1H), 3.02(2H), 3.58(1H), 4.65(1H), 6.76(1H) and 
7.36(1H), mass spec. [MH + ] 412.5. 

2. K.E.B. Parkes, S. Redshaw and G J. Thomas, EP-A-0432694. 
Intermediate 16 

fS^-rrd.l-Dimethvlethvnami nolcarbonvn-l-piDeridinecarboxvlic acid. 1.1- 
dimethvlethvl ester. 

(S)-l,2-Piperidinedicarboxylic acid,l-(l,l-dimethylethyl ester) (510mg) was 
dissolved in dry dimethylformamide (10ml) and N-ethyldiisopropylamine 
(430/il) > 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyIuronium tetrafluoroborate 
(127mg) and tert-butylamine (260jxl) added. The solution was stirred for 72h 
under N 2 at room temperature. Water (30ml) was then added and the solution 
extracted with ethyl acetate (3 x 20ml). The combined organic fractions were then 
washed with saturated sodium hydrogen carbonate (20ml) and saturated sodium 
chloride solution (20ml), dried and concentrated to give the title compound 
(600mg) as on off-white solid, mp. 125-127' , J H n.m.r. (DMSO-d 6 ), 6 1.26 (9H), 
1.36 (9H), 1.1-1.7 (5H), 1.94 (1H), 3.17 (1H), 3.74 (1H), 4.40 (1H), 7.26 (1H), 
mass spec. [MH + ] 285.4. 



Intermediate 17 
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f2RS. 2 , S1-N-r2-Hvdroxv-3-r2-rrfl,l-dimethy]ethvnamino1carbonvn-l- 
piperidinynpropvllcarbamic acid, U-dimethvlethvl ester. 

Intermediate 16 (580mg) in 1,4-dioxan (10ml) was stirred for 4h with 3.3M 
hydrogen chloride in 1,4-dioxan (6ml), The mixture was concentrated to an off- 
white solid and re-dissolved in ethanol (10ml) to which was added N* 
ethyldiisopropylamine (0.39ml) and Intermediate 14 (350mg). The solution was 
stirred for 20h at room temperature under nitrogen. The reaction mixture was then 
concentrated to an oil and purified by column chromatography on silica gel (Merck 
9385, 150g) using chloroform : methanol (70:1) to give both stereoisomers of the 
title compound . 

Isomer 1, eluted first, isolated as a white solid (172mg), 1 H n.m.r. (DMSO- 
d 6 ), 6 1.26 (9H)., 1.36 (9H), 1.2-1.8 (6H), 1.89 (1H), 2.02 (1H), 2.2 (1H), 2.86 
(2H), 3.02 (1H), 3.64 (1H), 4.91 (1H), 6.70 (1H), 7.28 (1H). 

Isomer 2, eluted second, isolated as a white solid (129mg), mp. 48-52, *H 
n.m.r. (DMSO-d 6 ), 6 1.21 (9H), 1.30 (9H), 1.2-1.7 (6H)), 1.88 (1H), 2.00 (1H), 
2.28 (1H), 2.7-3.2 (3H), 3.58 (1H), 4.67 (1H), 6.69 (1H), 7.13 (1H). 

Intermediate 18 

ri , R.2 , R,l ,, S1-N-r2-Hvdroxv-4-rr2-hvdroxv-l-rphenvlmethvn ethvnaminoV4- 
oxo-l-fphenvlmethynbutyllcarbamic acid.l.l-dimethvlethvl ester 

Diisopropylethylamine (126/xI), S-phenylalaninoI (109mg) and 2-(lH- 
benzotriazol-l-yI-l,l,3,3-tetramethyluronium tetrafluoroborate (229mg) were 
added sequentially to a solution of Intermediate 1 (200mg) in dimethylformamide 
(8ml). The solution was stirred at room temperature for 18h and then partitioned 
between ethyl acetate and water. The organic phase was washed with 2N 
hydrochloric acid, saturated sodium hydrogen carbonate solution and brine, dried 
(MgSO^) and the solvent evaporated in vacuo . The residue was purified by silica 
gel chromatography using chloroform:methanol (20:1) as eluant to afford the title 
compound (243mg) as a white solid, mp. 141-143* , [oc]^ 2 = +3.4* (c 0.58, 
methanol). 
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Intermediate 19 

rrR^Rj^R^N^- Hydroxv 

l-fohenv lmethvnbutvllcarbamic acid.l.l-dimethvlethvl ester 

Diisopropylethylamine (126*1), R-phenylalaninol (109mg) and 2-(lH- 
benzotriazol-l-yl).l,l,3,3-tetramethyIuronium tetrafluoroborate (229mg) were 
added sequentially to a solution of Intermediate 1 (200mg) in dimethylformamide 
(8ml). The solution was stirred at room temperature for 18h and then partitioned 
between ethyl acetate and water. The organic phase was washed with 2N 
hydrochloric acid, saturated sodium hydrogen carbonate solution, and brine, dried 
(MgS0 4 ) and the solvent evaporated in vacuo . The residue was purified by silica 
gel chromatography using chloroform :methanol (20:1) as eluant to afford the title 
compound (170mg) as a white solid, mp. 135-137', [a]£ 2 +41. 3 # (c 0.52, 
methanol). 

Intermediate 20 

ri , R,2 , R,l ,> R1>N-r2-H vdroxv4-fr2-hvdroxv-l-(phenvlethvnamino1-4-oxo-l. 
phenvlm ethynbutvllcarbamic acid U-dimethvlethvl ester 

Diisopropylethylamine (126^1), S-phenylglycinol (99mg) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyiuronium tetrafluoroborate (229mg) were 
added sequentially to a solution of Intermediate 1 (200mg) in dimethylformamide 
(5ml). The solution was stirred at room temperature for 16h and then partitioned 
between ethyl acetate and water* The organic phase was washed with 2N 
hydrochloric acid, saturated sodium hydrogen carbonate solution, and brine, dried 
(MgS0 4 ) and the solvent evaporated in vacuo. The reside was purifed by silica gel 
chromatography using chloroform : methanol (20:1) as eluant to afford the title 
compound f220mg > i as a white solid, mp. 162-163', [a]g 3 +54.5* (c 0,55, 
methanol). 

Intermediate 21 

rrR.2 , R.r , S1-N-r2-Hvdroxv-4-rr2-hvdroxv-l-phenvlethvl-|aminoV4-oxo-1- 
(phenvlmethvnbutvncarbamic acid 1,1-dimethvlethvl ester 
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Diisopropylethylamine (126/xI), R-phenylglycinol (99mg) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (229mg) were 
added sequentially to a solution of Intermediate 1 (200mg) in dimethylfonnamide 
(5ml). The solution was stirred at room temperature for 18h and then partitioned 
between ethyl acetate and water. The organic phase was washed with 2N 
hydrochloric acid, saturated sodium hydrogen carbonate solution, and brine, dried 
(MgSC>4) and the solvent evaporated in vacuo- The residue was purified by silica 
gel chromatography using chloroform : methanol (20:1) as eluant to afford the title 
compound (173mg) as a white solid, mp. 154-156* , [a]§ 2 °" ( c °- 54 > methanol). 

Intermediate 22 

ri , R,2*R1-N-r2-Hvdroxv-4-rr2.3-dihvdroxypropvnamino1-4-oyo-l- 
(phenvlmethynbutvl]carbamicacid 1,1-dimethvlethvl ester 

Diisopropylethylamine (248^1), (RS)-3-amiiio-l -propanediol (118mg) and 2- 
(lN-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (457mg) were 
added sequentially to a solution of Intermediate 1 (400mg) in dimethylformamide 
(12ml). The solution was stirred at room temperature for lV2h and then partitioned 
between ethyl acetate and water. The organic phase was washed with IN 
hydrochloric acid, saturated sodium hydrogen carbonate solution and brine, dried 
((MgSO^ and the solvent evaporated in vacuo . The residue was purified by silica 
gel chromatography using chloroform : methanol (30:1 to 5:1) as eluant to afford 
the title compound (139mg) as a colourless oil, [a]g 3 +29.0* (c 0.26, methanol), 
*H n.m.r. (DMSO-d 6 ) 6 1.30 (9H), 2.19 (2H), 2.4-2.7 (1H), 2.7-2.9 (1H), 2.9-3.1 
(2H), 3.1-3.3 (3H), 3.49 (1H), 3.62 (1H), 3.88 (1H), 4.70 (1H), 4.90 (1H), 6.46 
(1H), 7.1-7.4 (5H) and 7.80 (1H). 

Intermediate 23 

[1 'R.2'R.2''RS1-NW2-Hvdroxv-4-rf3-hvdroxvpropvhamino1-4-oxo-1 - 
fphenvlmethynbutvllcarbamicacid 1 J-dimethvlethvl ester 
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Diisopropylethylamine (186^1), 3-amino-l-propanol (74/xl) anc * 2-(lH- 
benzotriazoI-l-yl)-14,3,3-tetramethyluronium tetrafluoroborate (343mg) were 
added sequentially to a solution of Intermediate 1 (300mg) in dimethylformamide 
(10ml). The solution was stirred at room temperature for 1.5h and then partitioned 
between ethyl acetate and water. The organic phase was washed with IN 
hydrochloric acid, saturated sodium hydrogen carbonate solution and brine, dried 
((MgSO^) and the solvent evaporated in vacuo . The residue was purified by silica 
gel chromatography using chloroform : methanol (40:1 to 25:1) as eluant to afford 
the title compound (244mg) as a white solid, mp. 59-63* softens, [a]p 3 +34.1 • (c 
1.11, methanol). 

Intermediate 24 

ri^^'RI-N-p-Hydroxv^f^-flH-imidazol^-vnethvllaminol^oxo-l- 
(phenylmethvObutvl]carbamic acid 1,1-dimethylethyl ester 

Diisopropylethylamine (218m1), histamine (126mg) and 2-(lH-benzotriazol- 
l-yl)-l,l>3»3-tetramethyluronium tetrafluoroborate (400mg) were added to a 
solution of Intermediate 1 (350mg) in dimethylformamide (10ml). The solution 
was stirred at room temperature for 1.25h and then partitioned between ethyl 
acetate and water. The organic phase was washed with saturated sodium hydrogen 
carbonate solution and brine, dried (MgSO^) and the solvent evaporated in vacuo . 
The residue was purified by silica gel chromatography using chloroform : methanol 
(20:1 to 5:1) as eluant to afford the title compound (125mg) as a white solid, mp. 
157-159*, [a]g 3 +27.5 • (c 1.1, methanol). 

Intermediate 25 

( 1 , R)-N-f3-Chloro-2-oxo-l -(phenylmeth yDpropyllcarbamic acid, phenvlmethyl 
ester 

N-Benzyloxycarbonyl-D-phenylalanine (1.5g) in tetrahydrofuran (12.6ml) 
was stirred at -15' and triethylamine (0.73ml) and ethyl chloroformate (0.5ml) 
added. After stirring at this temperature for a further 20min, the white precipitate 
was filtered and the filtrate was added to an ethereal solution of diazomethane 
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[30ml; prepared from diazald (1.4g)] in a salt-ice bath. After stirring for 30min, the 
yellow solution was set aside to warm to room temperature overnight. Then a 
stream of hydrogen chloride gas was bubbled through the solution until the colour 
was discharged- The mixture was diluted with ethyl acetate and washed with 
saturated sodium hydrogen carbonate, dilute hydrochloric acid, saturated sodium 
hydrogen carbonate and saturated sodium chloride solution. The organic layer was 
dried and evaporated to a colourless mass which was recrystallized from 75% 
aqueous ethanol to afford the title compound (644m g) as a white solid, mp. 101- 
102 - , [ol^^SAS* (c0.56, CHCI 3 ). 

Intermediate 26 

|"l , R,2 ,, RS1-N-r3-Chloro-2-hvdroxv-l-rphenvlmethvnpropyl]carbamic acid, 
phenvlmethyl ester 

A solution of Intermediate 25 (17.12g) in tetrahydrofuran (250ml) and water 
(100ml) was stirred in an ice-bath and sodium borohydride (2.87g) added. After 
stirring at this temperature for 1.5h, the solvent was evaporated to a solid residue, 
which was suspended in chloroform before adding water to give a clear solution. 
Following adjustment of pH to ca. 1 with addition of dilute hydrochloric acid, the 
organic layer was separated, dried and evaporated to a white solid which contained 
both R,R- and R,S-diastereomers. The crude product was recrystallized from a 
mixture of ethyl acetate and cyclohexane (4:1) to afford the less soluble major 
isomer as a white solid (7.24g), mp. 142-144* , [a]^ 1 +32.16' (c 0.59, DMSO), 
% n.m.r. (CDCI3) 6 2.87-3.06 (3H), 3.50-3.71 (2H), 3.85 (1H), 3.99 (1H), 4.80 
(1H), 5.03 (2H), 7.13-7.40 (10H). The mother liquor was concentrated to give the 
title compound (10.55g) as a gummy solid which contained ca. equal amounts of 
both diastereomers, i.r. (CHBr 3 ) 7 3600, 3425, 2105, 1712 and 1508cm* 1 , J H 
n.m.r. (CDCI3) 5 2.7-3.3 (3H), 3.4-4.3 (4H), 4.5-5.4 (3H) and 7.0-7.5 (10H). 

Intermediate 27 

[l , R.2 ,, RSl-N-r3-Azido-2-hvdroxv-l-rphenvlmethvnpropvl1carbamic acid, 
phenvlmethvl ester 
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A mixture of Intermediate 26 (10.57g) and sodium azide (3.69g) in N,N- 
dimethylformamide (100ml) was heated at 90* for 18h. After cooling, the reaction 
mixture was partitioned between ethyl acetate and water- The organic phase was 
separated, washed with water, dried and evaporated to leave a brown gum which 
was purified by column chromatography on silica gel (Merck Kieselgel 60, 200g) 
using chloroform/methanol (95:5) as eluant to afford the title compound (7.57g) as 
a pale yellow solid, mp. 67-69* , [ajg 1 - 5 +41.36* (c 0.67, DMSO). 

Intermediate 28 

ri'R^^RSI-N-fS-Amino^-hvdroxv-l-fphenvlmethvnpropyljcarbamic acid, 
phenvlmethvl ester 

A mixture of Intermediate 27 (7.50g) and triphenylphosphine (5.94g) was 
dissolved in 60% aqueous tetrahydrofiiran (400ml) and then heated under reflux for 
23h. After cooling the clear solution was diluted with ethyl acetate and extracted 
with 2M hydrochloric acid. The aqueous extracts were combined, treated with 
sodium hydrogen carbonate until basic and back-extracted into ethyl acetate. The 
organic layer was dried and evaporated to give the title compound (4.77g) as a 
foam, [a]g L5 +34.76 # (c 0.67, DMSO), a H n.m.r. (CD CI 3) 5 2.6-3.2 (4H), 3.4- 
4.1 (5H), 4.8-5.15 (2H), 5.25-5.7 (1H) and 7.0-7.8 (10H). 

Intermediate 29 

frR,2 > RS]-N-r2-Hvdroxv-l-fphenvlmethvn-3-rr(phenvlmethvn carbonvl] 
amino')propvl'[carbamic acid, phenvlmethvl ester 

Intermediate 28 (4.44g) in dichloromethane (340ml) was stirred with 1- 
hydroxybenzotriazole (2.29g), phenylacetic acid (2.36g) and l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride (3.26g) at room temperature for 
17h. The mixture was partitioned between dichloromethane and water. The 
organic layer was separated, washed with dilute hydrochloric acid, saturated 
sodium hydrogen carbonate and saturated sodium chloride solution, dried and 
evaporated to a white solid which was recrystallized from methanol to afford the 
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title compound (1.92g) as a white solid, mp. 182-186' (dec), [a]g 3 +27.46* (c 
0.51, DMSO). 

Intermediate 30 

[2 , RS,3'R]-N-r3*Amino-2-hvdroxv-4-fphenvlbutvnbenzeneacetamide 

Intermediate 29 (500mg) in ethanol (280m I) was hydrogenated with 10% 
palladium-on-charcoal (682mg) under nonnal pressure and at ambient temperature 
for 5h. After degassing, the mixture was filtered through Kieselgiihr. The filtrate 
was evaporated to leave the title compound (302mg) as a gum, i.r. (DMSO-dg) 
7 max 3600-3000, 1664 and 1535cm" 1 , J H n.m.r. (DMSO-d 6 ) 5 2.3-3.8 (10H), 4.3- 
5.1 (1H), 6.9-7.7 (10H) and 8.0 (1H). 

Intermediate 31 

(3SVl,2.3,4-Tetrahvdro-3-[[(l,l-dimethvlethvnamino')carbonvn-2- 
isoquinolinecarboxvlic acid. 1,1-dimethvlethvl ester 

(3S)-l,2,3,4-Tetrahydro-2,3-isoquinolinedicarboxyIic acid,2-(l,l- 
dimethylethyl ester) 3 (3.26g) in a mixture of N,N-dimethylformamide (10ml) and 
dichloromethane (120ml) was stirred at room temperature with tert-butylamine 
(2.79ml), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (4.50g) 
and 1-hydroxybenzotriazole (3.46g) for 20.5h. The reaction mixture was diluted 
with dichloromethane and then washed with dilute hydrochloric acid, saturated 
sodium hydrogen carbonate and saturated sodium chloride solution, dried and 
concentrated to a brown oil which was purified by column chromatography on 
silica gel (Merck Kieselgel 60, 200g) using dichloromethane/methanol (9:1) as 
eluant to afford the title compound (2.03g) as a gum, [a]§° "3.4' (c 0.67,CHC1 3 ), 
*H n.m.r. (CDC1 3 ) 5 1.12 (9H), 1.48 (9H), 2.5-3.8 (2H), 4.2-4.8 (3H) and 7.1-7.4 
(5H). 



3. VJ. Hruby etal., Collect. Czech. Chem. Commun., 1988, 53 (11 A), 2549- 
73. 
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In termed iate 32 

(SSVN-fl.l-DimethvlethvlVl^.S^-tetrahvdro-S-isoquinolinecarboxainide 
hydrochloride 

Intermediate 31 (2.01g) in 1,4-dioxan (20ml) was stirred for 19h with 8.5M 
hydrogen chloride in 1,4-dioxan (8.5ml). The mixture was concentrated to give the 
title compound (0.87g) as a white solid, mp. 252-254% [a]^° -107.2 • (c 0.57, 
DMSO). 

Intermediate 33 

r2 , RS < 3"S1-N-r3-r3-rrn,l-Dimethvlethvnamino1carbonvl]-l,2,3,4-tetrahvdro-2- 
isoquinolinvn-2-hvdroxvpropvn carbamic acid, 1,1 -dimethylethvl ester 

Intermediate 32 (435mg) in ethanol (13.5ml) was stirred at room temperature 
with diisopropylethylamine (343jil) and Intermediate 14 (352mg) for 3 days and 
then at 65* for 7h. The reaction mixture was diluted with ethyl acetate and washed 
with 0.5M hydrochloric acid, saturated sodium hydrogen carbonate and saturated 
sodium chloride solution, dried and evaportated to leave a gum which was purified 
by column chromatography on silica gel (Merck Kieselgel 60, 30g) using 
dichloromethane/methanol (9:1) as eluant to give the title compound (657mg) as a 
colourless gum which contained both diastereomers, [a]^ 0 -12.3 • (c 0.49,DMSO), 
X H n.m.r. (DMSO-d 6 ) 6 1.2-1.6 (18H), 2.2-2.7 (3H), 2.8-3,5 (4H), 3.5-4.1 (3H), 
4.8-5.3 (1H), 6.5-7.0 (1H), 7.0-7.3 (4H) and 7.5-7.7 (1H). 

Intermediate 34 

r3S,2 ,> RS1-2-r3-Amino-2-hvdroxvpropvn-N-ri,l-dimethvlethvlVl, 2,3,4- 
tetrahydro-3-isoquinolinecarboxamide, hydrochloride 

Intermediate 33 (644mg) in 1,4-dioxan (16ml) was stirred for 20h with 8.5M 
hydrogen chloride in 1,4-dioxan (2.1ml). The reaction mixture was concentrated to 
give the title compound (544mg) as a yellow foam, [oc]^ -27.7 • (c 0.49, DMSO), 
2 H n.m.r. (DMSO-d 6 ) 6 1.18 (9H), 2.5-4.7 (10H + exchangeable protons), 7.0-7.3 
(4H) and 7.7-8.6 (1H). 
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Intermediate 35 

r3S-r3S-r3g.4ttfi.8«fl1.2'RS.2"S.5"^^ 

dimethvl-7-oxo-6-f(phenvlacetvl > )amino1-4-thia-l-azabicvcIor3.2.01hept-2- 
vlcarbonvl1amino1-2-hvdroxypropvndecahvdro*3-isoquinolinecarboxarnide 

6M Hydrogen chloride in dioxan (3ml) was added to Intermediate 15 as a 
mixture of diastereoisomers (0.5g) in dioxan (5ml) at room temperature. The 
solution was stirred at room temperature for 2h and the solvent then removed in 
vacuo to afford a white solid (0.48g). The salt was disolved in dimethylformamide 
(20ml) and diisopropylethylamine (0.62ml), Pencillin G N-ethyl piperidine salt 
(0.53g) and 2-(lH-benzotriazoI-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate 
(0.382g) added sequentially. After stirring at room temperature for 2h the reaction 
mixture was partitioned between ethyl acetate and water. The ethyl acetate layer 
was separated, washed with saturated sodium hydrogen carbonate solution and 
brine, dried (MgSO^ and evaporated in vacuo to afford the title compound (0.72g) 
as an orange foam, J H n.m.r. (DMSO-d 6 ) 6 1.0 - 3.8 (28H), 1.23 (9H), 1.25 (9H), 
4.25 (0.5H), 4.42 (0.5H), 4.78 (0.5H), 4.92 (0.5H), 5.3 - 5.6 (2H), 7.1 - 7.6 (5H), 
8.1 - 8.5 (1H) and 8.85 (1H), <y max (CHBr 3 ) 3420, 1788, 1668 and 1512cm" 1 . 

Intermediate 36 

(4R)-4-rf(l,l-Dimethvlethvnamino]carbonvn-3*thiazolidinecarboxvHc acid. 1 J- 
dimethvlethvl ester 

t-Butylamine (1.04ml) was added to a solution of (4R)-3,4- 
thiazolidinedicarboxylic acid-3-(l,l-dimethylethy 1 ester) 4 (2.09g), 
diisopropylethylamine (1.72ml) and 2-(lH-benzotriazol-l-yl)-l, 1,3,3- 
tetramethyluronium tetrafluoroborate (3.47g) in dimethylformamide (20ml) and the 
solution stirred at room temperature under nitrogen for 2hr. The mixture was 
diluted with ethyl acetate and the solution washed with 2N hydrochloric acid, 
saturated sodium hydrogen carbonate solution, and brine. The organic phase was 
separated, dried (MgS0 4 ) and the solvent evaporated in vacuo to afford a solid. 
Recrystallization from cyclohexane gave the title compound f2.36gV m.p. 128- 
129- , [a]g° -142.2' (c 1.05, methanol). 
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4. G. Perseo, S. Piani and R de Castiglione, IntJ.Peptide Protein Res., 1983, 21, 
227. 

Intermediate 37 

(4RVN-fl.l-DimethvlethvlV4-thiazolidinecarboxamide. hydrochloride 

6M hydrogen chloride in 1,4-dioxan (10ml) was added to a stirred 
suspension of Intermediate 36 (2*1 6g) in 1,4-dioxan (20ml). A solution formed 
which was stirred at room temperature under nitrogen for 15min. A further 
quantity of hydrogen chloride in 1,4-dioxan (5ml) was added and the mixture 
stirred for an additional 3h at room temperature. The precipitated solid was 
collected by filtration and washed with ether to give the title compound (1.45g), 
mp. 244-245*, [<*]£ 9 -99.8* (c 1.00, methanol). 

Intermediate 38 

r2 , RS,4"R1-N-r3-r4-fffl,l-Dimethvlethvnamino1carbonvn-3-thiazolidinvn-2- 
hydroxypropvllcarbamic acid. U-dimethvlethvl ester 

A solution of Intermediate 14 (l-0g), Intermediate 37 (0.707g) .and 
diisopropylethylamine (0.7ml) in ethanol (12ml) was stirred at room temperature 
for 68h under nitrogen. Additional Intermediate 14 (0.52g) in ethanol (5ml) was 
added and the solution refluxed under nitrogen for 48h. The reaction mixture was 
cooled and the solvent evaporated in vacuo to an oil which was dissolved in ethyl 
acetate. The ethyl acetate solution was washed with saturated sodium hydrogen 
carbonate solution and brine, dried (MgSO^) and evaporated to an oil which was 
purified by column chromatography on silica gel (Merck Kieselgel 60, 50g) using 
ethyl acetate/cyclohexane (1:1) to give the title compound (372mg) as a gum which 
contained both diastereomers, i.r. (CHBr 3 ) 7 max 3477, 1705, 1673 and 1509cm" 1 , 
A H n.m.r. (DMSO-d 6 ) 6 1.25 (9H), 1.38 (9H), 2.2-2.5 (2H), 2.7-3.5 (4H), 3.6 (1H), 
3.8-4.15 (3H), 4.85-5.1 (1H), 6.6-6.9 (1H) and 7.45 (1H). 



Intermediate 39 
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r4R.2 ,, RS1-3-f3-Amino-2-hvdroxvpropvn-N-fl,l-dimethvlethvn-4- 
thiazolidinecarboxamide 

Intermediate 38 (349mg) in 1,4-dioxan (10ml) was stirred for 20h with 8.5M 
hydrogen chloride in 1,4-dioxan (2ml). The mixture was concentrated to give the 
title compound (326mg) as a creamy solid, Lr. (DMSO-d 6 ) 7 max 3700-3250, 1671 
and 1515cm" 1 , J H n.m.r. (DMSO-d 6 ) 5 1.15 (9H), 2.5-4.5 (10H + exchangeable 
protons) and 7.5-8.2 (1H). 

Interned iate 40 

r2S-r2af 2'R*S ^,4^5*^5^,6 fln-3,3-Dimeth vl-N-r3-r4-ff n,l - 
dimethvlethvl > )amino1carbonvn-3-thiazolidinvl]-2-hvdroxvpropvl]-7-oxo-6- 
f(phenvlacetvl)amino]-4-thia-l-azabicvclof3.2.0]heptane-2-carboxamide 

Intermediate 39 (304mg) was dissolved in N,N-dimethylformamide (16ml) 
and diisopropylethylamine (540^1), 2-(lH-benzotriazol-l-yl)-l, 1,3,3- 
tetramethyluronium tetrafluoroborate (356mg) added. After stirring briefly, 
pencillin G N-ethylpiperidinium salt (456mg) was added and the mixture was 
stirred for 21h under nitrogen at room temperature. Water was then added and the 
solution extracted with ethyl acetate. The combined organic fractions were washed 
with saturated sodium hydrogen carbonate and saturated sodium chloride solution, 
dried and concentrated to a foam before purification by column chromatography on 
silica gel (Merck Kieselgel 60, 50g) using mixtures of ethyl acetate and methanol 
(9:1 then 4:1) as eluant to give the title compound (224mg) as a brown foam which 
contained both stereoisomers, i.r. (CHBr 3 ) 7 max 3578, 1791, 1669, 1621 and 
1508cm" 1 , 1 H n.m.r. (DMSO-d 6 ) 5 1.28 (9H), 1.40 (3H), 1.58 (3H), 2.2-2.6 (1H), 
2.6-3.2 (2H), 3.2-3.8 (5H), 3.90 (2H), 3.95-4.3 (3H), 5.10 (1H), 5.45 (2H), 7.1-7.5 
(6H), 8.16 (1H) and 8.88 (1H). 

Intermediate 41 

rrSVN-['l-rCvclohexvlmethvn-2-frLl-dimethvlethvnamino]-2-oxoethvl]carbamic 
acid, 9H-fluoren-9-vlmethvl ester 
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t-Butylamine (0.42ml) was added to a solution of (2S)-a-[[[(9H-fluoren-9-yl- 
methyl)oxy]carbonyl]amino]cyciohexanepropanoic acid (1.5g), 2-(lH- 
benzotriazol-l-yl)-l,l-3,3-tetramethyluronium tetrafluoroborate (138g), 1- 
hydroxybenzotriazole hydrate (0.54g) and diisopropylethylamine (0.69ml) in 
dimethylformamide (15ml) at room temperature. After 17h the solution was 
diluted with ethyl acetate and washed with water (x3) and saturated sodium 
hydrogen carbonate solution (x3). The organic phase was dried (Na 2 S0 4 ) and the 
solvent evaporated in vacuo to leave an oil which was purified by silica gel 
chromatography using 40-60* petrohether (2:1) as eluant to afford the title 
compound (1.14g) as an oil, 2 H n.m.r. (DMSO-d 6 ) 6 0.7 to 1.8 (13H), 1.25 (9H), 
4.02 (1H), 4.1 to 4.4 (3H), 7.2-7.5 (6H), 7.75 (2H) and 7.90 (2H), i.r. Tmax 
(CHBr 3 ) 3423, 1710, 1675 and 1508cm" 1 . 

Intermediate 42 

(2 , SVaf"Amino-N-fl,l-dimethvlethvlVcvclohexanepropanamide 

Intermediate 41 (90mg) was dissolved in dimethylformamide (2ml) and 
piperidine (0.5ml) added. The solution was stirred at room temperature for 2hr and 
then poured into water. The mixture was partitioned between ethyl acetate and 
water. The organic phase was washed with brine, dried (MgSO^) and the solvent 
evaporated in vacuo to leave a white solid. Purification by silica gel column 
chromatography using chloroform/methanol (20:1) as eluant afforded the title 
compound, mp. 39-40*, [a]^ 3 +23.5* (c 0.66, methanol). 

Intermediate 43 

r2 , RSJ ,, S]-N-r3-[l-(Cvclohexvlmethvn-2-[n ,l-dimethvlethvnamino1-2- 
oxoethvlfemino-2-hvdroxvpropyl]carbamic acid.l , 1 -dimeth vlethvl ester 

Intermediate 42 (50mg) was dissolved in ethanol (2ml) and added to 
Intermediate 14 (38.3mg). After stirring at room temperature for three days under 
nitrogen the solvent was evaporated in vacuo . The residue was purified by silica 
gel chromatography using chloroform/methanol (50:1) as eluant to afford the title 
compound (64mg) as a colourless oil, *H n.m.r. (DMSO-d 6 ) 5 1.28 (9H), 1.5 (9H), 
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0.7 to 2.0 (14H), 2.3-2.6 (2H), 2.7 to 3.1 (2H), 3.20-3.50 (2H), 4.72 (1H), 6.65 (1H) 
and 7.45 (1H), i.r. y max (CHBr 3 ) 3445, 1703, 1660 and 1512cm" 1 . 

Intermediate 44 

f4SV4-(CvclohexvlmethvIV5-oxo-3-oxazoIidinecarboxvIic acid, 9H-fl uoren-9- 
ylmethvl ester 

Paraformaldehyde (lg) and p-toluenesulphonic acid hydrate (O.lg) were 
added to a solution of (2S)-a-[[[(9H-fluoren-9-ylmethyl)oxy]carbonyI]amino]- 
cyclohexanepropanoic acid (1.5g) in toluene (100ml)- The mixture was refluxed 
for 1 h with azeotropic removal of water. The mixture was allowed to cool and 
then washed with water (3x) and saturated sodium hydrogen carbonate solution 
(3x). The organic phase was separated, dried (Na2SC>4) and the solvent evaporated 
in vacuo to leave an oil (1.78g). Purification by silica gel column chromatography 
using 40-60* petroleum/ether (1:1) as eluant gave the title compound (1.47g) as an 
oil, 1 Hn.m-n (DMSO-dg) 6 0.5 - 0.8 (13H), 3.8 -4.8, 5.20 (1H), 5.32 (1H), 7.2-7.5 
(4H), 7.68 (2H) and 7.90 (2H), 7 max (CHBr 3 ) 1797, 1709, 1449 and 1419cm" 1 . 

Intermediate 45 

(2S)-q-rrr9H-Fluoren-9-vlmethvl)oxv1carbonvll 
methvlaminolcvclohexanepropanoic acid 

Trifluoroacetic acid (15ml) and triethylsilane (1.5ml) were added to a 
solution of Intermediate 44 in chloroform (15ml) and the mixture stirred 21hr. The 
solvent was evaporated in vacuo and the residue then purified by silica gel column 
:hromatography using chloroform/methanol/water (180:20:1) as eluant to give the 
; tle compound (1.37g), % n.m.r. (DMSO-d 6 ) 6 0.6 - 1.3 (6H), 1.4 - 1.9 (7H), 2.72 
'«), 2.75 (3H), 4.1 - 4.7 (4H), 7.2 - 7.5 (4H), 7.68 (2H) and 7.9 (2H), 7jnax 
HBr 3 ) 1712, 1692 and 1450cm' 1 . 

rmediate 46 

)-N-ri-rCvclohe xvlmethvn-2>rfl.l*dimethvlethvnamino1-2-oxoethvl]-N- 
flcarbamic acid. f9H-fluorenvl-9-vl-methvnester 
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Diisopropylethylamine (0.47ml), t-butylamine (0.258ml), and 2-(lH- 
benzotriazol-l-yI)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.867g) were 
added sequentially to a solution of Intermediate 45(1.0g) in dimethylformamide 
(20ml) and the mixture stirred at room temperature for 3h. The reaction mixture 
was partitioned between ethyl acetate and water. The organic phase was then 
washed with brine, dried (MgSO^ and the solvent evaporated in vacuo to a brown 
oil. Purification by silica gel column chromatography using cyclohexane/ethyl 
acetate (4:1) as eluant gave the title compound (0.839g) as a white solid, m.p. 136- 
139% *H n.m.r. (DMSO-d 6 ) 0.7 - 1.3 (6H), 1.25 (9H), 1.3 - 1.8 (7H), 2.78 (3H), 
4.2 - 4.7 (4H), 7.2 - 7.5 (5H), 7.65 (2H) and 7.9 (2H). 

Intermediate 47 

(2SVtt-fMethvlaminoVN-(l,l-dimethvlethvncyclohexanepropionamide 

Piperidine (0.5ml) was added to a solution of Intermediate 46 (O.lg) in 
dimethylformamide (2ml) and the mixture stirred at room temperature for lh. The 
reaction mixture was then partitioned between ethyl acetate and water. The organic 
phase was washed with brine, dried (MgS0 4 ) and the solvent evaporated in vacuo 
to give a white solid, which was purified by silica gel column chromatography 
using chloroform/methanol 30:1 as eluant to give the title compound (0.038g), m.p. 
59-61 * , [a]g 3 +14.5 • (c 1.0, CH 3 OH). 

Intermediate 48 

r2 , RS.l ,, S1-N-f3-f[l^CvclohexvlmethvlV2-rfl.l-dimethvlethvnamino1-2- 
oxoethvl]methvlamino>2-hvdroxypropvl]carbamic acid, 1,1-dimethvlethvl ester 

Intermediate 47 (22mg) was added to a solution of Intermediate 14 (17mg) in 
ethanol (1ml) and the mixture stirred at room temperature 72h. The solvent was 
then evaporated in vacuo and the residue purified by silica gel column 
chromatography using chloroform/methanol 50:1 as eluant to give the title 
compound (26mg), 2 H n.m.r. (DMSO-d 6 ) 5 0.6 - 2.0 (13H), 1.25 (9H), 1.38 (9H), 
2.32 (3H), 2.35 (3H), 2.2-2.7 (2H), 2.7-3.6 (4H), 3.64 (1H), 4.62 (0.5H), 4.78 
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(0.5H), 6.70 (0.5H), 7.10 (0.5H), 7.47 (0.5H) and 7.65 (O.SH), 7 max ( CHBr 3>> 
3445, 1705, 1673 and 1507cm" 1 . 

Intermediate 49 

f2S, transV4-ri,l-DimethvlethoxvVl,2-pyrrolidinedicarboxvlic acid, l-fl.l- 
dimethylethvPester 

Di-tert-butyldicarbonate (1.17g) in dioxan (16ml) was added to an ice-cooled 
solution of (2S-trans)-4-(l,l-dimethylethoxy)-2-pyrrolidinecarboxylic acid (0.84g) 
in water (12ml) containing IN sodium hydroxide (8ml) and the mixture stirred at 
room temperature for 24hr. The reaction mixture was then added to ethyl acetate 
and the aqueous phase acidified to pH 3.0 with 2N-hydrochloric acid. The ethyl 
acetate layer was separated, washed with brine, dried (MgSO^) and the solvent 
evaporated in vacuo to give the title compound (1.25g), m.p. 80-81 * , [af]f) -32.6' 
(c 1.07, methanol). 

Intermediate SO 

f2S, transV4-ri.l-Dimethvlethoxv)-2-fr( f l.l-dimethvlethvl)amino]carbonyl'|-l- 
pyrrolidinecarboxvlic acid, 1,1-dimethvlethvl ester 

t-Butylamine (0.46ml), diisopropylethylamine (0.83ml) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (1.53g) were added 
sequentially to a solution of Intermediate 49 (1.25g) in dimethylformamide (20ml) 
and the mixture stirred at room temperature for 17hr. The mixture was partitioned 
between ethyl acetate and water. The organic phase was separated, washed with 
2N hydrochloric acid, saturated sodium hydrogen carbonate solution and brine, 
dried (MgS0 4 ) and the solvent evaporated in vacuo to an orange oil. Purification 
by silica gel column chromatography using chloroform/methanol 50:1 as eluant 
afforded the title compound (0.87g), m.p. 135', [a]g 3 -12.06' (c 1.16, methanol). 



Intermediate 51 
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r(2"S. trans > )2 , RS1-N-f3-f4-n,l>Dimethvlethoxv>-2-rr(l,l- 
dimethvlethvnamino]carbonvl]-l-pvrrolidinvl]-2-hvdroxypropvncarbamic acid. 
1,1-dimethylethvl ester 

8.5M Hydrogen chloride in dioxari (1.4ml) was added to a solution of 
Intermediate 50 (0.78g) in methanol (15ml) and the mixture stirred 17h at room 
temperature. The solvent was then evaporated in vacuo to yield a white solid 
(0.62g). The salt was dissolved in ethanol (20ml), and Intermediate 14 and 
diisopropylethylamine (0.41ml) were added. The reaction was stirred at room 
temperature for 72h and the solvent then evaporated in vacuo to a yellow oil. 
Purification by silica gel column chromatography using ethyl acetate/chloroform 
75:25 as eluant gave the title compound (0.596g), m.p. 32-38 0 , 1 H n.m.r. 6 1.1 
(9H), 1.25 (9H), 1.38 (9H), 1.6 - 1.9 (2H), 2.0 - 2.5 (4H), 2.7 - 3.1 (3H), 3.52 (1H), 
4.10 (1H), 4.70 (0.5H), 4.90 (0.5H), 6.68 (1H), 7.26 (0.5H) and 7.55 (0.5H). 

Intermediate 52 

(2S, cisV2-ff(l,l-Dimethvlethvnamino1carbonvn-4-(phenvlmethoxvn-l- 
pyrrolidinecarboxvlic acid, 1.1-dimethvlethvl ester 

t-Butylamine (0.6ml), diisopropylethylamine (0.81ml) and 2-(lH- 
benzotriazol-l-yl)-l,l,33-tetramethyluronium tetrafluoroborate (2.0g) were added 
sequentially to a solution of (2S, cis)-4-(phenylmethoxy)-l,2- 
pyrrolidinedicarboxylic acid, l-(l,l-dimethylethyl)ester 5 (1.2g) in 
dimethylformamide and the mixture stirred at room temperature for 2h. The 
mixture was partitioned between ethyl acetate and water. The organic phase was 
separated, washed with 2N hydrochloric acid, saturated sodium hydrogen 
carbonate solution and brine, dried (MgSC^) and the solvent evaporated in vacuo 
to leave a yellow oil. Purification by silica gel columm chromatography using 
chloroform/methanol 50:1 as eluant afforded the title compound (1.4g), [a]^ 
-15.1 * (c 0.63, methanol), *H n.m.r. (DMSO-d 6 ) 6 1.15 (9H), 1.35 (9H), 1.7 - 2.6 
(2H), 3.30 (1H), 3.60 (1H), 3.9 - 4.2 (2H), 4.45 (2H), 6.95 (1H) and 7.2 - 7.4 (5H). 



5. D.Papaioanniou eral,, Acta.Chem.Scand., 1990, 44( 3 )> 243. 
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Intermediate 53 

[2'RS,f2"R. cis)1-N-r3'r2-rrfl,l-Dimethvlethvnamino1carbonvn*4- 
rphenvlmethQXvVl-Dvrrolidinvn-2-hvdroxypropvncarba mic acid, 1.1- 
dimethvlethvl ester 

6M Hydrogen chloride in dioxan (4ml) was added to a solution of 
Intermediate 52 (l.lg) in dioxan (10ml) and the mixture stirred at room 
temperature for 2h. Evaporation of the solvent in vacuo afforded a yellow foam 
which was dissolved in ethanol (15ml) and treated with diisopropylethylamine 
(0.539ml) and Intermediate 14. The mixture was stirred at room temperature for 
64hr and the solvent then evaporated in vacuo to leave a gum. Purification by 
silica gel column chromatography using chloroform/methanol 50:1 as eluant 
afforded the title compound (0.67g) as a gum, j>]^ 3 -27.9' (c 1.2, methanol), 1 H 
n.m.r. (DMSO-d 6 ) 6 1.22 and 1.21 (9H), 1.38 (9H), 1.80 (1H), 2.20 - 3.50 (8H), 
3.58 (1H), 4.40 (2H), 4.05 (1H), 4.72 (0.5H), 4.90 (0.5H), 6.62 (1H), 7.2 - 7.4 
(5.5H) and 7.68 (0.5H). 

Intermediate 54 

7-oxo-6~|YphenvlacetvlUmino1-4-thia-l-azabicvclo T3. 2.01 hept-2- 
vlcarbonvl]amino1-2-hvdroxvpropyl1decahvdro-3-isoquinolinec arboxamide 

Intermediate 15 isomer 2 (750mg) in 1,4-dioxan (20ml) was stirred for 20h 
with ~8M hydrogen chloride in 1,4-dioxan (3.0ml) under N 2 at room temperature. 
The mixture was concentrated to a white solid and re-dissolved in 
dimethylformamide (20ml) to which was added diisopropylethylamine (0.95ml), 2- 
(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (643mg) and 
penicillin G N-ethyl piperidine salt (815mg). The mixture was stirred at room 
temperature for 2h, water (100ml) was then added and the solution extracted with 
ethyl acetate (100ml). The aqueous layer was further washed with ethyl acetate 
(30ml) and combined organic layers washed with saturated sodium hydrogen 
carbonate (50ml) and saturated sodium chloride (100ml) t dried and evaporated to 
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give the title compound as an orange oil (1.05g), 1 H n.m.r. (DMSO-dg) 5 1.25 
(9H), 1,48 (3H), 1.65 (3H), 1.1 - 2.2 (14H), 2.2 - 3.1 (4H), 3.3 - 3.8 (4H), 4.42 
(1H), 4.80 (1H), 5.40 (1H), 5.52 (1H), 7.2 - 7.4 (5H), 7.60 (1H), 8.48 (1H) and 8.90 
(1H). 

Intermediate 55 

(2SV2-[[(l,l-(Dimethvlethvl)amino]carbonvl]-l-pvrroIidinecarboxvlic acid, 1,1- 
dimethvlethvl ester 

A solution containing L-proline, 1,1-dimethylethyl ester (1.5g), 2-(lH)- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (2.75g), tert- 
butylamine (0.74ml) and diisopropylethylamine (1.34ml) in dimethylformamide 
(25ml) was stirred at room temperature for 20h. The solution was then diluted with 
water (50ml) and extracted with ethyl acetate (3x50ml). The combined organic 
extracts were washed with 2N hydrochloric acid (50ml), saturated aqueous sodium 
bicarbonate (50ml) and brine (50ml), dried (MgSO^) and concentrated in vacuo to 
a solid which was purified by chromatography on silica gel. Elution with 100:1 
chloroform/methanol gave the title compound as a white solid (1.56g), m.p. 119- 
121R' [a]g J -47.8* (c 0.98, methanol), J H n.m.r. (CDCI3) 5 1.35 (9H), 1.47 (9H), 
1.87 (2H), 1.9-2.5 (2H), 3.44 (2H), 4.10 (1H) and 5.6-7.0 (1H). 

Intermediate 56 

r2 , RS,2 ,> S]-N-r3-r2-rrria-Dimethvlethvnamino1carbonvn-l-pyrrolidinvn-2- 
hydroxvpropyl]carbamic acid, 1,1-dimethvlethvl ester 

Intermediate 55 (l.Og) was stirred in dioxan (10ml) at room temperature to 
which was added 3M hydrogen chloride in dioxan (8ml). After 2h the reaction 
mixture was concentrated to a white foam which was re-dissolved in ethanol 
(15ml). N-ethyldiisopropylamine (0.71ml) and Intermediate 14 (0.6g) were added 
and stirring continued for 20h. The reaction mixture was concentrated to an oil and 
purified by column chromatography on silica gel (Merck 9385, 20g) using a 
chloroformrmethanol (100:1 -4 20:1) gradient elution to yield the title compound 
(407mg) as a 1:1 mixture of diastereoisomers, ^ n.m.r (DMSO-d 6 ) 8 1.25 (9H), 
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1.35 (9H), 1.5-1.8 (3H), 1.9-2.6 (3H), 2.6-3.7 (6H), 4.72 (0.5H), 4.94 (0.5H), 6.70 
(1H), 7.38 (0.5H) and 7.68 (0.5H). 

Intermediate 57 

(4R )-5. 5- Pi me t hy 1-4-1*17 1 . 1 -dime thv let hvl )am ino Icarbonvl ]-3- 
thiazolidinecarboxvlic acid. 1,1-dimethvl ester 

A solution containing tert-butoxycarbonyl-L-5,5-dimethylthiazolidine-4- 
carboxylic acid 6 (2.0g), tert-butylamine (0.89mi), 2-(lH)-benzbtriazoI-l-yl)- 
1,1,3,3-tetramethyluronium tetrafluoroborate (2.95g) and ethyldiisopropylamine 
(1.47ml) in dimethylfonnamide (10ml) was stirred at room temperature for 20h and 
then diluted with water (20ml) and extracted with ethyl acetate (2x20ml). The 
combined organic extracts were washed with saturated aqueous sodium bicarbonate 
(30ml) and brine (30ml), dried (MgSO^ and concentrated in vacuo to an oil which 
was purified by chromatography on silica gel. Elution with 200:1 
chlorofonn/methanol gave the title compound (0.57g) as a white solid, m.p. 98- 
101 • ; [ot]^ 1 -5.9* (c 1.02, methanol), *H n.m.r. (CDC1 3 ) 6 133 ( 9H )> 1A2 ( 3 H), 
1.45 (9H), 1.55 (3H), 3.90 (1H); 4.63 (2H) and 5.76 (1H). 

6. J.Samanen et_aL, J.Med.Chem., 1989, 32(2), 466-472. 

Intermediate 58 

r2 , RS.4 ,, R1-N-r3-r5.5-Dimethvl-4-frn.l>dimethvlethvnamino1carbonvl1-3- 
thiazolidinvn-2-hvdroxvpropyllcarbamicacid, 1.1-dimethvlethvl ester 

Intermediate 57 (0.8g) was stirred in 1,4- dioxan (10ml) at room temperature 
to which was added 3M hydrogen chloride in 1,4-dioxan (7ml). After 6h the 
mixture was concentrated to a white solid which was re-dissolved in ethanol 
(10ml). N-ethyldiisopropylamine (0.44ml) and Intermediate 14 (0.6g) were added 
and stirring continued for 72h. The reaction mixture was concentrated to an oil and 
partitioned between ethyl acetate (30ml) and saturated sodium bicarbonate (20ml). 
The organic layer was separated, further washed with saturated sodium chloride 
(20ml) and re-concentrated to an oil (1.2g), which was purified by column 
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chromatography on silica gel (Merck 9385, 120g) using chloroformrmethanol 
(80:1) to yield both isomers of the title compound . Isomer 1 (175mg), m.p. 98- 
104' (Slow melt), [a]^ 1 -177.9' (c 1.01, methanol), Isomer 2 (157mg), m.p. 102- 
105 ' , [otfg 1 -149.7' (c 0.97, methanol). 

Intermediate S9 

(4RS)-2 l 2,5,5-Tetramethvl-N-fl.l-dim e thvlethvlV4-thia Z olidine a cet a m,rf ft 

DL-Penicillamine acetone adduct hydrochloride monohydrate (4.85g) was 
dissolved in dimethylformamide (100ml) and diisopropylethylamine (5.1g), 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (6.4g) and tert- 
butylamine (2.1ml) added. The solution was stirred for 2h at room temperature. 
Water (300ml) was then added and the solution extracted with ethyl acetate 
(2x150ml). The combined organic fractions were then washed with saturated 
sodium hydrogen carbonate (100ml) and saturated sodium chloride solution 
(100ml), dried (MgS0 4 ) and concentrated in vacuo to give the title compound 
(2.0g) as a white solid, m.p. 140' , 1 H n.m.r. (DMSO-d 6 ), S 1.18 (3H), 1.28 (9H), 
1.42 (3H), 1.50 (3H), 1.58 (3H) ; 3.2 - 3.4 (1H), 3.62 (1H) and 7.48 (1H). 

Intermediate 60 

r2"R,4"RS1-N-r2-Hvdroy y.3-r2.2.5 S. t e t ram e t h v 1 . A. r f f i i. 

dimethvlethvl)amino1carbonvn-3-thi a7 0 lidinvnDropvncarb a mic arid , V _ 
dimethvlethyl ester 

Intermediate 59 (300mg) was added to Intermediate 68 (500mg) in ethanol 
(1.5ml) and the mixture was refluxed for 60h. The solvent was evaporated in 
vacuo and the residue purified by silica gel column chromatography (Merck 9385) 
using cyclohexane/ethyl acetate (2:1) as eluant to afford the title compound 
(191mg) as a colourless oil, [a]g 3 -22.4* (c 0.49, methanol), *H n.m.r. (DMSO- 
d 6 ) « 1.0-1.8 (30H), 2.2-3.8 (6H), 4.4-5.2 (1H), 6.5-6.8 (1H), 7.50 (0.5H) and 7.75 
(0.5H). 



Intermediate 61 
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f2RSVl,2.4-Piperazinetricarboxvlic acid,l-(l.l-dimethvlethvl esterV4- 
(phenylmethyl ester) 

A solution containing di tert-butyl pyrocarbonate (8.1g) in 1,4-dioxan 
(100ml) was added to an ice-cooled solution of (RS)-4- 
[phenyl[methoxycarbonyl]]piperazine-2-carboxylic acid (l.Olg) in 1.0N aqueous 
sodium hydroxide (150ml). The mixture was stirred for 0.5h and then the ice-bath 
was removed and stirring was continued for a further 18h at room temperature. 
The mixture was then concentrated in vacuo to ca. 100ml and the aqueous residue 
washed with ether (2x100ml). The aqueous extract was then acidified to pH 2 with 
2N hydrochloric acid and extracted with ethyl acetate (2x200ml). The combined 
organic extracts were washed with brine (50ml), dried (MgSO^ and evaporated in 
vacuo to give the title compound as a pale yellow foam (1.31g). 7 m ax (CHB^) 
1693cm- 1 (C=0), 2 H n.m.r. (DMSO-d 6 ) 5 1.39 (9H), 2.7-3.6 (3H + H 2 0), 3.72 
(1H), 3.90 (1H), 4.3-4.6 (2H), 5.05 (2H) and 7.35 (5H). 

7. M.E.Freed and J.R.Potoski, USP 76752577. 

Intermediate 62 

f2RSV2-rrfl.l-Dimethvlethvnam?no1carbonvn-l,4-piperazinedicarboxvlic acid.l- 
fLl-dimethvlethvI esterV2-(phenvlmethvl ester^ 

2-(lH-Benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate 
(l.l6g) was added to a solution containing Intermediate 61 (1.06g), tert-butylamine 
(0.4ml) and diisopropylethylamine (0.6ml) in dimethylformamide (10ml). The 
solution was stirred at room temperature under nitrogen for 2.5h and was then 
diluted with ethyl acetate (250ml), washed with 0.5M hydrochloric acid saturated 
sodium bicarbonate and brine, dried (MgS0 4 ) and evaporated in vacuo to a solid 
which was crystallised from hot cyclohexane to give the title compound as fine 
colourless needles (896mg), m.p. 110-111 *, r max (CHBr 3 ) 1686cm- 1 (C=0), 2 H 
n.m.r. (DMSO-d 6 ) 6 1.18 (9H), 1.36 (9H), 2.8-3.7 (4H), 3.86 (1H), 4.0-4.5 (2H), 
5.07 (2H), 7.33 (5H) and 7.55 (1H). 
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Intermediate 63 

(3RSV3-rr(l,l-DimethvIethvnainino1carbonvn-l-piDerazinecarboxvlic acid, 
phenvlmethvl ester, trifluoroacetic acid salt 

A solution containing Intermediate 62 (919mg) and trifluoroacetic acid (2ml) 
in dichloromethane (25ml) was stirred at room temperature for 6h. The solution 
was evaporated in vacuo to a white solid which was crystallised from 
chloroform/cyclohexane to give the title compound as colourless needles (513mg), 
m.p. 91-92", 7 max (nujol) 3296 (NH), 1658cm" 1 (C=0), X H n.m.r. (DMSO-d 6 ) 6 
1.28 (9H), 2.9-3.4 (4H), 3,7-4.1 (2H), 4.27 (1H), 5.12 (2H), 7.36 (5H), 8.38 (1H) 
and 8.9-9.6 (2H). 

Intermediate 64 

r3RS,2 , S1-3-rrfl,l-Dimethvlethvnamino1carbonvn-4-r3>[ffl,l- 
dimethvlethoxv > )carbonvl]amino]-2-hvdroxvpropvn-l-pipera2inecarboxvlic acid, 
phenvlmethvl ester 

A solution containing Intermediate 71 (198mg), Intermediate 63 (502mg) 
and diisopropylethylamine (150mg) in ethanol (5ml) was stirred under an 
atmosphere of dry nitrogen at room temperature for 6 days. The mixture was then 
diluted with ethyl acetate (100ml) and the solution washed with brine (50ml), dried 
(MgS0 4 ) and evaporated in vacuo to an oil which was purified by chromatography 
on silica gel. Elution with ethyl acetate gave the title compound (340mg) as a pale 
yellow oil, 7 max (CHBr 3 ) 3445 (NH), 1692cm" 1 (C=0), 2 H n.m.r. (DMSO-d 6 ) 6 
1.26 (9H), 1.36 (9H), 2.0 - 2.5 (3H), 2.6 - 3.2 (6H), 3.5 - 4.0 (3H), 4.75 and 4.96 
(1H), 5.09 (2H), 6.68 (1H), 7.35 (5H) and 7.53 (1H). 

Intermediate 65 

rSRS^'SVS-rrflJ-Dimethvlethvnaminolcarbonvn^-rS-amino^-hvdroxypropvlV 
1-piperidinecarboxvlic acid, phenvlmethvl ester, trifluoroacetic acid salt 

A solution containing Intermediate 64 (308mg) and trifluoroacetic acid (2ml) 
in dichloromethane (10ml) was stirred at room temerature for 2h and was then 
evaporated to dryness in vacuo . The residual oil was triturated with ether to give 
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the title compound as a white powder (213mg), 7 max (Nujol) 1671cm" 1 (C=0), 
J H n.m.r. (DMSO-d 6 ) 6 1.29 (9H), 2.5 - 3.5 (9H), 3.7 - 4.1 (3H), 5.11 (2H), 7.38 
(5H) and 7.8 - 8.3 (4H). 

Intermediate 66 

^'RVN-rZS-Dihydroxvpropyncarbamic acid, dimethvlethvl ester 

A solution containing (S)-glycidol (5.0ml) in saturated ammoniacal 
isopropanol (1250ml) was stirred at room temperature for 67h and was then 
evaporated in vacuo . The residual oil was dissolved in 1,4-dioxan (250ml) and 
0.5N aqueous sodium hydroxide (250ml) and treated with di-tert- 
butylpyrocarbonate (18.5g) at room temperature for 20h. The mixture was then 
concentrated in vacuo to ca. 200ml and the residue saturated with sodium chloride, 
neutralised to pH 7*0 with 2N hydrochloric acid and then extracted with ethyl 
acetate (2x300ml). The combined organic extracts were dried (MgS0 4 ) and 

*7 1 

evaporated in vacuo to give the title compound as a colourless oil, [a]^ +11.02* 
(c 1.62, methanol), 7 max (CHBr 3 ) 3444 (NH,OH), 1693cm' 1 (C=0), 1 H n.m.r. 
(DMSO-d 6 ) 5 1.36 (9H), 2.92 (2H), 3.45 (1H), 4.49 (1H), 4.66 (1H), and 6.62 
(1H). 

Intermediate 67 

f2 , RVN"r2-frr4-Methvlphenvnsulphonvnoxv'|-2-hvdroxvethvl1carbamicacid,lJ- 

dimethvlethvl ester 

A solution containing Intermediate 66 (11.77g) and tosyl chloride (13.14g) in 
pyridine (60ml) was stirred at room temperature for 18h. The solution was then 
diluted with ethyl acetate (1200ml) and washed with 2N hydrochloric acid 
(2x200ml), saturated aqueous sodium bicarbonate (2x200ml) and brine (100ml), 
dried (MgS0 4 ) and evaporated in vacuo . The residual oil was purified by 
chromatography on silica gel eluting with 1:1 cyclohexane/ethyl acetate to give the 
title compound as a viscous oil (16.58g), [at]^ 1 +11.8* (c 2.58, methanol), J H 
n.m.r. (CDC1 3 ) 5 1.44 (9H), 2.46 (3H), 3.1 - 3.6 (3H), 3.8 - 4.1 (3H), 4.91 (1H), 
7.36 (2H) and 7.80 (2H). 
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Intermediate 68 

f2 , RVN-(2>Oxiranvlmethvncarbamic acid, 1.1 -dimethvlethvl ester 

A solution containing Intermediate 67 (14.77g) and sodium methoxide 
(4.62g) in methanol (150ml) was stirred at room temperature for 1.5h and then 
evaporated to dryness in vacuo . The residual solid was partitioned between ethyl 
acetate (300ml) and water (225ml) and the organic extract washed with brine 
(50ml), dried (MgSO^ and evaporated in vacuo . The residual oil was purified by 
chromatography on silica gel. Elution with 4:1 cyclohexane/ethyl acetate gave the 
title compound as a viscous oil (5.24g), [a]^ 1 +12.55* (c 2.58, methanol), 1 H 
n.m.r. (CDC1 3 ) 5 1,43 (9H), 2.60 (1H), 2.80 (1H), 3.1 - 3.4 (2H), 3.55 (1H) and 
3.74 (1H). 

Intermediate 69 

(2 , SVN*f2,3-Dihvdroxypropvncarbamic acid,l,l-dimethvlethvl ester 

A solution containing (R)-glycidol (1.0ml) in saturated ammoniacal 
isopropanol (250ml) was allowed to stand at room temperature for 2 days and then 
the solvent was evaporated in vacuo . The residual oil was taken up in a mixture of 
1,4-dioxan (50ml) and 0.5N aqueous sodium hydroxide (50ml) and treated with di- 
tert-butylpyrocarbonate (3.7g) at room temperature for 20h. The mixture was 
concentrated in vacuo to approximately half volume and the aqueous residue 
saturated with sodium chloride, neutralised to pH 7.0 with 2N hydrochloric acid 
and extracted with ethyl acetate (3x150ml). The combined organic extracts were 
dried (MgSO^) and evaporated in vacuo to a colourless oil. The oil was purified by 
chromatography on silica gel eluting with ethyl acetate to give the title compound 
as a colourless oil (2.1g), [a]^ 1 -12.1 • (c 1.0, CHCI3), 7max (CHBr 3 ) 3444 
(NH,OH), 1693cm' 1 (C=0), J H n.m.r. (DMSO-d 6 ) 5 1.36 (9H), 2.92 (2H), 3.28 
(2H), 3.45 (1H), 4.49 (1H), 4.66 (1H) and 6.62 (1H). 

Intermediate 70 
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(2'SVN42-rr(4-Methvlphenv0sulphonvI]ox acid, 1,1- 

dimethvlethvl ester 

A solution containing Intermediate 69 (257mg) and tosylchloride (286mg) in 
pyridine (5ml) was stirred at room temperature for 3h. The solution was then 
diluted with ethyl acetate (100ml) and washed with 0.5N hydrochloric acid 
(2x50ml), saturated aqueous sodium bicarbonate (3x50ml) and brine (50ml), dried 
(MgSO^) and then solvent was evaporated in vacuo . The residual oil was purified 
by chromatography on silica gel eluting with 1:1 ethyl acetate/cyclohexane to give 
the title compound as a colourless oil (289mg), 7 max (CHBr 3 ) 3442 (NH), 1705 
(0=0), 1366cm" 1 (S=0), 2 H n.m.r. (DMSO-d 6 ) 5 1.32 (9H), 2.41 (3H), 2.88 (2H), 
3.36 (1H), 3.64 (1H), 3.76 (1H), 3.95 (1H), 6.80 (1H), 7.46 (2H) and 7.79 (2H). 

Intermediate 71 

(2 > SVN-r2-Oxiranvlmethvl > )carbamic acidXl-dimethylethyl ester 

A solution containing Intermediate 70 (229mg) and sodium methoxide 
(56mg) in methanol (5ml) was stirred at room temperature for 3h and was then 
evaporated to dryness in vacuo . The residual solid was partitioned between ethyl 
acetate (100ml) and water (50ml) and the organic extract was washed with 
saturated aqueous sodium bicarbonate and brine, dried (MgSO^) and evaporated in^ 
vacuo to a colourless syrup. This was purified by chromatography on silica gel 
eluting with 7:3 cyclohexane/ethyl acetate to give the title compound as a 
colourless oil (86mg), [ajg 1 -14.2* (c 1.01, methanol), 7max (CHBr 3 ) 3443 (NH), 
1706 (C=0), 1250cm" 1 (epoxide), J H n.m.r. (DMSO-dg) 6 1.38 (9H), 2.4-2.6 
(1H+DMSO), 2.66 (1H), 2.9-3.2 (3H) and 7.00 (1H). 

Example 1 

r2R-f2a(R*V4flrR*^1]-5.5-Dimethvl-Qf-r(phenvlacetvl)amino1-N-phenvlmethvl-4- 
rrfl-r2-phenvl-l-hvdroxymethvnethyl]amino'|carbonvl]-2-thia2olidineacetamide 

A stirred solution of [2R-[2a(R*),40]]-5,5-dimethyl-2-[2-oxo-l- 
[(phenylacetyl)amino]-2-[(phenylmethyI)amino]ethyl]-4-thiazolidinecarboxylic 
acid (883mg) and 1-hydroxybenzotriazole monohydrate (337mg) in tetrahydrofuran 
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(15ml) and dimethylformamide (40ml) was treated with a solution of (R)- 
phenylalaninol (303mg) in dimethylformamide (2ml) followed by N,N- 
dicyclohexylcarbodiimide (454mg) and the mixture was stirred at 20* for 572 
hours. The tetrahydrofuran was removed in vacuo and the suspension obtained was 
filtered. The filtrate was partitioned between ethyl acetate (50ml) and water 
(160ml). The organic phase was washed successively with water, 2N hydrochloric 
acid, water and saturated brine. The dried (MgS0 4 ) solution was evaporated to a 
white solid which was chromatographed on silica gel (Merck 9385, 80g). Elution 
with chloroform : methanol mixtures varying from 50:1 to 40:1 gave a product as a 
white powder which crystallised from dichloromethane/ di-isopropyl ether to afford 
the title compound as a white solid (250mg), mp. 83-86 • , [a]j§° +87.8 ■ (C=1.02 
in MeOH), J H n.m.r. (DMSO-d 6 ) 6 1.05 (3H), 1.50 (3H), 2.78 (2H), 3.45 (1H), 
3.50 (2H), 3.75 (1H), 4.00 (1H), 4.25 (2H), 4.40 (2H), 4.80 (1H), 4.90 (1H), 7.10- 
7.30 (15H), 7.70 (1H), 8.30 (1H), 8.50 (1H). 

Example 2 

r2R-r2gfR*V4^1-5.5-D^^ 

ri-(hvdroxymethvnpentvl]aminolcarbonvn-2-thiazolidineacetamide 

(±)-2-Amino-l-hexanol (175m1) was added to a solution of 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.44g), [2R- 
[2a(R*),4/3]]-5,5-dimethyI-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyI]-4-th iazolidinecarboxy lie acid (0.6g) and 
diisopropylethylamine (0.26^1) in dimethylformamide (12ml) under nitrogen. 
After stirring at room temperature for 17h the reaction mixture was partitioned 
between ethyl acetate and water. The aqueous layer was extracted with ethyl 
acetate and the combined extracts washed with lN-hydrochloric acid, saturated 
sodium bicarbonate solution and brine. The ethyl acetate solution was dried 
(MgSO^) and the solvent evaporated in vacuo to leave a white foam, which was 
purified by silica gel column chromatography using chloroform/methanol 40:1 to 
30:1 as eluant to give the title compound (0.24g), mp. 155-159°, [a]^ 0 = +48.5* 
(C=0.87 in methanol), J H n.m.r. (DMSO-d 6 ) 8 0.95 (3H), 1.25 (3H), 1.58 (3H), 
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1.8-1.2 (6H), 3.7-33 (5H), 4.0-3.7 (2H), 4.6-4.2 (3H), 4.75 (1H), 5.00 (1H), 7.4-7.1 
(10H), 7.70 (1H), 8.41 and 8.52 (each 1H). 

Example 3 

r2R-r2ttfR*),4flfR*^V5^ 

phenvl-l-hvdroxvmethvl)ethvl1amino1carbonv!]-2-thiazolidineacetamide 

A solution of N,N-dicyclohexylcarbodiimide (150mg) in dimethylfonnamide 
(lml) was added to a stirred solution of Intermediate 8 (0.25g), (R)-phenylalanino! 
(lOOmg) and 1-hydroxybenzotriazole hydrate (lllmg) in dimethylformamide 
(1,5ml). After 6 hours the resulting mixture was filtered and the filtrate was 
partitioned between water and ethyl acetate. The aqueous phase was extracted with 
ethyl acetate and the combined organic phases were dried over magnesium sulphate 
and then evaporated to a syrup. Purification by chromatography on silica-gel, with 
elution by mixtures of ethyl acetate and methanol (1:0 to 20:1) gave the title 
compound as a white foam (177mg, [a]g° +97* (c 0.99, methanol); v max (CHBr 3 ) 
3393 + 3321 (NH, OH), 1651 (C=0), 1517cm" 1 (NH); J H n.m.r. (DMSO-d 6 ) 6 
0.98 (3H), 1.05 (3H), 1.47 (3H)', 2.9-2.6 (2H), 3.04 (2H), 3.4-3.2 (2H), 3.42 (1H), 
3.50 (2H), 3.75 (1H), 4.05-3.9 (1H), 4.28 (1H), 4.9-4.7 (2H), 7.32-7.1 (10H), 7.68 
(1H), 7.96 (1H), 8.26 (1H). 

Example 4 

r2R-r2arR*V4flrR*)n-5,5-Dimethvl-g-[fr4-fluorophenvnacetvllamino1- N-f2- 
pvridinvlmethvn-4-rrri-r2-phenvl-l-hvdroxymethvnethvl]amino1carbonvl]-2- 
thiazolidineacetamide 

To a stirred solution of Intermediate 7 (0.78g) in dimethylformamide (14ml) 
was added (R)-phenylalaninol (0.257g), diisopropylethylamine (326^1) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.6g). After 
stirring at room temperature for 17h the reaction mixture was partitioned between 
ethyl acetate and water. The aqueous phase was extracted with ethyl acetate and 
the combined organic layers washed with lN-hydrochloric acid. The acid extract 
was then adjusted to pH 8.0 with potassium carbonate and re-extracted with ethyl 
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acetate. The organic extract was dried (MgS0 4 ) and the solvent evaporated in 
vacuo to leave a yellow oil (0.74g). Purification by silica gel column 
chromatography using dichloromethane/methanol 30:1 to 10:1 as eluant gave the 
title compound (0.2g), mp. 77-80*, = -70.5 • (C=0.78 in methanol), *H 

n.m.r. (DMSO-d 6 ) 6 1.05 (3H), 1.50 (3H), 3.0-2.6 (2H), 3.54 (1H), 3.7-3.3 (4H), 
3.80 (1H) and 4.04 (1H). 

Example 5 

r2R-r2tt(R ,t V4flfR*.R»^p- 5.5-Dimethvl-«-rfphenvlacetvnamino1-N-phenvlmethvl- 
4-rm - r2-hvdroxy-4-ri - f 2-methvlpropynamino1U4-oxo-3 - 
fphenvlmethvnbutvpa minolcarbonvn-2-thiazolidineacetamide 

3.3M Hydrogen chloride in 1,4-dioxan (3ml) was added to a solution of 
Intermediate 5 (0.2g) in 1,4-dioxan (4ml) at room temperature. After 2.5h the 
solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissolved in dimethylformamide (4ml) and diisopropylethylamine (400j/l), [2R- 

[2«(R*),40]]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic acid and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.19g) added. 
After stirring at room temperature for 16h the reaction mixture was partitioned 
between ethyl acetate and water. The aqueous layer was extracted with ethyl 
acetate and the combined organic layers washed with IN hydrochloric acid, 
saturated sodium hydrogen carbonate solution and brine. The solution was dried 
(MgSC>4) and the solvent evaporated in vacuo to give a brown solid (0.46g). 
Purification by silica gel column chromatography using chloroform/methanol 50:1 
to 30:1 as eluant gave the title compound (0.16g), mp. 176-178" , [a] 2 , 0 = +86.0* 
(C=0.44 in DMSO), J H n.m.r. (DMSO-d 6 ) 6 0.68 (6H), 1.08 (3H), 1.50 (3H), 1.62 
(1H), 2.4-2.0 (2H), 3.0-2.5 (4H), 3.7-3.4 (3H), 4.1-3.8 (3H), 4.4-4.1 (2H), 4.45 
(1H), 4.86 (1H), 5.22 (1H), 7.4-7.1 (15H), 7.58 (1H), 8.33 (1H), 7.75 (1H) and 8.50 
(1H). 



Example 6 
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("2R-r2a(T^*V4flrR*,R # ^1-53-Dimethvl-a-rfphenvlacetyl)amino1-N^^ 

4-rri-r3-faminocarbonvlV2-hvdroxy-l-(phen 

thiazolidineacetamide 

3M-Hydrogen chloride in 1,4-dioxan (2.5ml) was added to Intermediate 12 
(0.15g) in 1,4-dioxan (20ml) at room temperature. The solution was stirred for 15h 
and the solvent then removed in vacuo to afford a white solid. This was dissolved 
in dimethylformamide (4ml) and diisopropylethylamine (114jxl), [2R- 
[2a(R*),4/J]]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino] ethyl]-4-thiazolidinecarboxylic acid (0.1 7g) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.14g) added. 
After stirring at room temperature for 17h the reaction mixture was partitioned 
between ethyl acetate and water. The ethyl acetate layer was separated, washed 
with saturated sodium hydrogen carbonate solution and dried (MgSO^. The 
solvent was evaporated in vacuo to low volume and then cooled to 4' to give 
crystals. Recrystallisation from ethyl acetate afforded the title compound (45mg), 
mp. 167-168", [a]£° = +90.0' (C=0.25 in DMSO), 1 H n.m.r. (DMSO-d 6 ) 6 1.05 
(3H), 1.50 (3H), 2.3-2.0 (2H), 3.0-2.6 (2H), 3.7-3.3 (3H), 4.5-3.8 6H), 4.86 (1H), 
5.26 (1H), 6.84 (1H), 7.4-7.2 (16H), 7.60 (1H), 8.35 (1H) and 8.53 (1H). 

Example 7 

r2R-r2afR # V4fl(R*.R*^11-5.5-Dimethvl-a-rrphenvlacetvnamino1-N-phenvlmeth^ 
4-rrri-r2-hvdroxv-4-rrflH-ben2imidazol-2-vn methvnaminol-4-oxo-l - 
(phenvlmethvmbutyl]amino1carbonvn-2-thiazolidineacetamide 

3.2M hydrogen chloride in 1,4-dioxan (5ml) was added to a solution of 
Intermediate 4 (0.2g) in 2:1 methanol : chloroform (20ml). The mixture was stirred 
at room temperature for 18h and the solvent then evaporated in vacuo to give the 
amine hydrochloride as a yellow solid. The amine hydrochloride was dissolved in 
dimethylformamide (5ml) and diisopropylethylamine (131^1), [2R-[2a(R*),40]]- 
5 t 5-dimethyl-2-[2-oxo-l-[phenylacetyl)amino]-2-[(phenylmethyl)amino]ethyl]-4- 
thiazolidinecarboxylic acid (0.2g) and 2-(lH-benzotriazol-l-yl)-l t l,3,3- 
tetramethyluronium tetrafluoroborate (0.1 5g) added. After stirring at room 
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temperature for 18h the reaction mixture was partitioned between ethyl acetate and 
water* The organic phase was washed with saturated sodium hydrogen carbonate 
solution and brine, dried (MgSO^) and the solvent evaporated in vacuo to give a 
yellow oil. Purification by silica gel chromatography using chloroform/methanol 
(50:1) as eluant afforded the title compound (0.17g) as a white solid, mp. 136- 
139 *> Md° = +82.4" (C=0.51 in methanol), *H n.m.r. (DMSO-d 6 ) 6 1.09 (3H), 
1.53 (3H), 2.1-2.45 (2H), 2.73 (1H), 2.92 (1H), 3.6-3.35 (3H), 4.6-3.8 (8H), 4.88 
(1H), 5.48 (1H), 7.45 (2H), 7.35-7.1 (17H), 7.75 (1H), 8.40 (1H) and 8.52 (2H). 

Example 8 

r2R-r2ttfR*\40f^R»^1^ 

4-rrri-r2-hvdroxv>4>r(phenylmethvl)amino1-4-oxo-l- 
(phenvlmethvmbutvl]amino]carbonvl]-2-thiazolidineacetamide 

3.2M Hydrogen chloride in 1,4-dioxan (3m I) was added to a solution of 
Intermediate 3 (0.2g) in 1,4-dioxan (3ml). The mixture was stirred at room 
temperature for 3h and the solvent then evaporated in vacuo to give the amine 
hydrochloride as a yellow foam. The amine hydrochloride was dissolved in 
dimethylformamide (5ml) and diisopropylethylamine (193m1), [2R-[2a(R*),4^]]- 
5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2-[(phenylmethyl)amino]ethyl]-4- 
thiazolidinecarboxylic acid (0.24g) and 2-(lH-benzotriazol-l-yl)-l, 1,3,3- 
tetramethyiuronium tetrafluoroborate (0.1 6g) added. After stirring at room 
temperature for 18h the reaction mixture was partitioned between ethyl acetate and 
water. The organic phase was washed with 2N-hydrochloric acid saturated sodium 
hydrogen carbonate solution and brine, dried (MgS0 4 ) and the solvent evaporated 
in vacuo to a brown oil. Purification by flash silica column chromatography using 
chloroform/methanol (50:1) as eluant gave the title compound (0.12g) as a solid, 
mp. 98-101 • , [a]^ 0 = +80.4* (C=0.51 in methanol), 2 H n.m.r. (DMSO-d 6 ) 6 1.09 
(3H), 1.53 (3H), 2.1-2.45 (2H), 3.0-2.5 (2H), 3.6-3.35 (3H), 4.6-3.8 (8H), 4.88 
(1H), 5.32 (1H), 7.45-7.1 (15H), 7.68 (1H), 8.38 (2H) and 8.58 (1H). 



Example 9 
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N-ethvl-4-frri-r2-hvdroxv-4-ri-f2-methvIpropvn amino1-4>oxo-l- 
fphenvlmethvnibutvnaminolcarbonvn-2-thiazolidineacetamide 

3.3M Hydrogen chloride in 1,4-dioxan (15ml) was added to a solution of 
Intermediate 5 (1.08g) in 1,4-dioxan (20ml) at room temperature. After 2.5h the 
solvent was evaporated in vacuo to give the hydrochloride salt. A portion of the 
hydrochloride salt (0.3g) was dissolved in dimethylformamide (10ml) and 
diisopropylethylamine (364jxl), Intermediate 10 and 2-(lH-benzotriazoI-l-yl)- 
1,1,3,3-tetramethyluronium tetrafluoroborate (0.35g) added. After stirring at room 
temperature for 18h the reaction mixture was partitioned between ethyl acetate and 
water. The aqueous layer was extracted with ethyl acetate and the combined 
organic layers washed with IN-hydrochloric acid, saturated sodium hydrogen 
carbonate solution and brine. The solution was dried (MgS0 4 ) and the solvent 
evaporated in vacuo to give a yellow solid. Purification by silica gel column 
chromatography using chloroform/methanol 40:1 as eluant gave a solid which was 
recrystallised from chloroform/methanol (1:1) by the addition of ether to give the 
title compound (O.llg), mp. 223-225" , [a]g° = +66.7' (C=1.05 in methanol), J H 
n.m.r. (DMSO-d 6 ) 6 0.68 (6H), 1.0 (3H), 1.09 (3H), 1.52 (3H), 1.7-1.4 (1H), 2.4- 
2.0 (2H), 3.2-2.5 (6H), 3.56 (1H), 4.1-3.8 (3H), 4.35 (1H), 4.80 (1H), 5.30 (1H), 
8.40 (1H), 7.9-7.7 (3H) and 7.6-7.1 (14H). 

Example 10 

r2R-r2offR* > 1.4gfR' |t .R* > H1-5,5-Dimethvl-a-rrphenvlacetvnamino1-N-r4- 
rdimethvlaminophenvnmethvl1-4-rrri-r2-hvdroxv-4-fl-f2-met hvlpropvnamino1-4- 
oxo-l-fphenvlmethvnibutvnaminolcarbonvn-2-thiazolidineacetamide 

3.3M Hydrogen chloride in 1,4-dioxan (15ml) was added to a solution of 
Intermediate 5 (1.08g) in 1,4-dioxan (20ml) at room temperature. After 2.5h the 
solvent was evaporated in vacuo to give the hydrochloride salt. A portion of the 
hydrochloride salt (0.33g) was dissolved in dimethylformamide (10ml) and 
diisopropylethylamine (405m1), Intermediate 9 and 2-(lH-benzotriazol-l-yl)- 
1,1,3,3-tetramethyluronium tetrafluoroborate (0.39g) added. After stirring at room 
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temperature for 16h the reaction mixture was partitioned between ethyl acetate and 
water- The aqueous layer was extracted with ethyl acetate and the combined 
organic layers washed with lN-hydrochloric acid, saturated sodium hydrogen 
carbonate solution and brine. The acid extract was basified to pH8 with potassium 
hydrogen carbonate to give a white solid which was removed by filtration. The 
white solid was purified by silica gel chromatography using chloroform/methanol 
40:1 as eluant to give the title compound (0.5g) as a white solid mp. 119-121 ' , 
Md° = + 60 - 4 ' (C=0.61 in CHC1 3 ), 1H n.m.r. (DMSO-d 6 ) 6 0.82 (6H), 1.05(3H), 
1.50 (3H), 1.7-1.5 (1H), 2.3-2.1 (2H), 3.0-2.5 (4H), 2.85 (6H), 3.6-3.2 (3H), 4.3-3.7 
(5H), 4.43 (1H), 4.85 (1H), 5.26 (1H), 6.65 (2H), 7.03 (2H), 7.4-7.1 (10H), 7.60 
(1H), 7.80 (1H) and 8.35 (2H). 

Example 11 

f2R-r2cirR*V4j3r2 , S» < 3 ,, S*,4a >, S*.8a >, R* > >n-5,5-Dimethvl-tt- 
[fphenvlacetvnamino>N-phenvlmethvl-4-rrr2-hvdroxv-3-r3-rr(l,l- 
dimethvlethvlamino1carbonvn*decahvdro-2-isoquinolinvnpropyl]amino1 
carbonyrj-2-thiazolidineacetamide 

Intermediate 15 (89mg; Isomer 2)in 1,4-dioxan (3ml) was stirred for 20h 
with 3.3M hydrogen chloride in 1,4-dioxan (1ml). The solvent was evaporated in 
vacuo to leave a white solid which was dissolved in dry dimethylformamide (3ml) 
and diisopropylethylamine (113m1), [2R-(2a(R*),4/3)]-5,5-dimethyl-2-[2-oxo-l- 
[(phenylacetyl)amino]-2-[(phenylmethyl)amino]ethyI]-4-thiazolidinecarboxylic 
acid (0.095g) and 2-(lH-benzotriazoI-l-yI)-l,l,3,3-tetramethyluronium 
tetrafluoroborate (0.076g) added. After stirring at room temperature for 17h the 
reaction mixture was partitioned between ethyl acetate and water. The aqueous 
layer was extracted with ethyl acetate and the combined organic extracts washed 
with saturated sodium hydrogen carbonate solution and brine, dried (MgSO^) and 
evaporated in vacuo to an orange oil. Purification by silica gei column 
chromatography (Merck 9385, 26g) using chloroform/methanol (50:1) as eluant 
gave the title compound (50mg) as a white solid, mp. 115-120* (softens), = 
-4.55 (C=0.88 in MeOH), l H n.m.r. (DMSO-d 6 ) 5 1.6-2.0 (2H), 1.15 (3H), 1.28 
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(9H), 1.58 (3H), 2.05 (2H), 2.2-2.7 (2H), 2.7-3.0 (2H), 3.4-3.8 (3H), 3.55 (2H), 
3.95 (1H), 4.1-4.5 (3H), 4.72 (1H), 7.1-7.4 (11H), 7.98 (1H), 8.3-8.55 (2H). 

Example 12 

f2R-r2arR ,, ' , >.4gfS*.R* t .S*>11-5.5-Dimethvl-a-rrphenvlacetvna mino1-N- 
Dhenvlmethvl-4-rrr2-hvdroxv-3-|"2-rrri.l-dimethviethv namino1 carbonvll 
pipcridin-l-vllpropvnaminolcaitionvn-2-thiazolidineacetamide 

Intermediate 17 (129mg; Isomer 2) in 1,4-dioxan (5ml) was stirred for 20h 
under nitrogen with 3.3M hydrogen chloride in 1,4-dioxan (2.3ml). The mixture 
was concentrated to a white solid and re-dissolved in dry dimethylformamide 
(5ml). The solution was stirred and treated with N-ethyldiisopropylamine 
(0.19ml), 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate 
(127mg)and [2R-(2a(R*),4/3)]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyI]-4-thiazolidine carboxylic acid (160mg) for 20h under 
nitrogen at room temperature. Water (10ml) was then added and the solution 
extracted with ethyl acetate (3 x 10ml). The combined organic fractions were then 
washed with saturated sodium hydrogen carbonate (10ml) and saturated sodium 
chloride solution (10ml), dried and evaporated to a yellow foam. This was purified 
by column chromatography on silica gel (Merck 9385, 65g) using chloroform : 
methanol (30:1) to give the title compound as a white solid (112mg), mp. 90-105 * 
(softens), [«] D +18.75- (c 0.96 in MeOH), a H n.m.r. (DMSO-d 6 ) 6 1.1-1.7 (6H), 

1.24 (9H), 1.18 (3H), 1.50 (3H), 1.98 (1H), 2.14 (1H), 2.38 (1H), 2.58 (1H), 3.10 
(2H), 3.51 (1H), 3.50 (2H), 3.68 (1H), 4.25 (2H), 4.42 (1H), 4.80 (1H), 4.90 (1H), 

7.25 (11H), 7.97 

Example 13 

f2R-r2crR* , >.4gfR*.R ,, '.R*'>n-5.5-Dimethvl- 4-rfr2-hvdroxv-4-oxo-4-n- 
rhvdroxvmethvn-2-phenvlethvn-l-rphenvlmethvnbutv llaminolcarbonvn-a- 
[(phenvlacetvnaminol-N-fphenvlmethvn-2-thiazolidineacetamide 

3M Hydrogen chloride in 1,4-dioxan (3ml) was added to a solution of 
Intermediate 18 (200mg) in 1,4-dioxan (3ml) at room temperature. After 2h the 
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solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissolved in dimethylformamide (5ml) and diisopropylethylamine (183^1), [2R- 
[2a(R*),4^]]-5,5-dimethyl-2-[2.oxo-l.[(phenylacetyl)araino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic acid (232mg) and 2-(lH- 
benzotriazol-l-yI)-l,l,3,3-tetramethyluronium tetrafluoroborate (156mg)were 
added sequentially. After stirring at room temperature for 16h the reaction mixture 
was partitioned between ethyl acetate and water. The aqueous layer was extracted 
with ethyl acetate and the combined organic layers washed with 2N hydrochloric 
acid, saturated sodium hydrogen carbonate solution and brine. The solution was 
dried (MgSC^) and the solvent evaporated in vacuo to give a yellow oil. 
Purification by silica gel column chromatography using chloroform : methanol 
40:1 as eluant gave the title compound (183mg), mp. 101-104* f softens [a]^ 3 
63.8 s (c 0.58, methanol), 1 H n.m.r. (DMSOg) 6 1.08 (3H), 1.49 (3H), 1.9-2.3 
(2H), 2.3-3.0 (4H), 3.5-3.65 (3H), 3.7-4.1 (4H), 4.1-4.5 (2H), 4.43 (1H), 4.72 (1H), 
4.86 (1H), 5.17 (1H), 7.1-7.35 (20H), 7.60 (1H), 7.68 (1H), 8.29 (1H) and 8.48 
(1H). 

Example 14 

r2R-r2a( f R^V4flrR^.R*.R*^1-5,5-Dimethvl-4-rrr2-hvdroxv-4-oxo-4-ri- 
fhvdroxvmethvn-2-phenvlethvn-l-(phenvlmethvnbutvl1amino1carbonvl]-a- 
rfphenvlacetvl)amino1-N-fphenylmethvn-2-thiazolidineacetamide 

3M Hydrogen chloride in 1,4-dioxan (3ml) was added to a solution of 
Intermediate 19 (150mg) in 1,4-dioxan (2ml) at room temperature. After 2h the 
solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissolved in dimethylformamide (5ml) and diisopropylethylamine (130^1), [2R- 
[2a(R*),4/3]]-5,5,dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic acid (165mg) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (llOmg) were 
added sequentially. After stirring at room temperature for 16h the reaction mixture 
was partitioned between ethyl acetate and water. The aqueous layer was extracted 
with ethyl acetate and the combined organic layers washed with 2N hydrochloric 

5, 
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acid, saturated sodium hydrogen carbonate solution and brine. The solution was 
dried (MgSO^) and the solvent evaporated in vacuo to give a yellow oil. 
Purification by silica gel column chromatography using chloroform : methanol 
(40:1) as eluant gave the title compound (143mg), mp. 98-102* softens, [c*]^ 3 
+95.2* (c 0.63, methanol), *H n.m.r. (DMSOg) S 1.08 (3H), 1.49 (3H), 2.0-2.2 
(2H), 2.4-3.0 (4H), 3.4-3.7 (3H), 3.86 (3H), 4.02 (1H), 4.1-4.5 (2H), 4.43 (1H), 
4.69 (1H), 4.86 (1H), 5.17 (1H), 7.1-7.4 (20H), 7.5-7.7 (2H), 8.29 (1H) and 8.48 
(1H). 

Example 15 

[2R-r2arR*).4flfR*,R l> .S* > >11-4-rrr2-Hvdroxv-4-rrr< r 2-hvdroxv-l- 
phenvnethvnamino]carbonvl"|-l-rphenvlmethvlVbutyI1amino1carbonvn-5,5- 
dimethvI-a*rfphenvlacetvnamino1-N-(phenvlmethvn-2-thiazolidineacetamide 

3M Hydrogen chloride in 1,4-dioxan (3ml) was added to a solution of 
Intermediate 20 (200mg) in 1,4-dioxan (4ml) at room temperature. After 2h the 
solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissoved in dimethylformamide (5ml) and diisopropylethylamine (189^1), [2R- 
[2«(R *),40]]-5,5-dimethy 1-2- [2-oxo- 1 -[(pheny lacety l)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thia2o!idinecarboxylic acid (240mg) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (160mg) were 
added sequentially. After stirring at room temperature for 17h the reaction mixture 
was partitioned between ethyl acetate and water. The aqueous layer was extracted 
with ethyl acetate and the combined organic layers washed with 2N hydrochloric 
acid, saturated sodium hydrogen carbonate solution and brine. The solution was 
dried (MgS0 4 ) and the solution evaporated in vacuo to give a yellow oil. 
Purification by silica gel column chromatography using chloroform : methanol 
(40:1) as eluant gave the title compound (142mg), mp. 110-114' , [a]^ 3 +87.1 " (c 
0.62, methanol), 2 H n.m.r. (DMSOg) 5 1.06 (3H), 1,49 (3H), 2.1-2.4 (2H), 2.6- 
2.95 (2H), 3.4-3.65 (5H), 3.7-4.0 (2H), 4.02 (1H), 4.1-4.5 (2H), 4.42 (1H), 4.7-5.0 
(3H), 5.21 (1H), 7.1-7.4 (20H), 7.62 (1H), 8.20 (1H), 8.30 (1H) and 8.50 (1H). 
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Example 16 

r2R-r2afR*V4fl(R^,R*,R»^1-4-[f[2-Hvdroxv-4-ffrr2-hvdroxv-l- 

phenvQethvl]amino]carbonvl]-l-(phenvlmeth^ 

dimethvl-tt-rfphenvlacetvOaminol-N-fo^ 

3M Hydrogen chloride in 1,4-dioxan (3ml) was added to a solution of 
Intermediate 21 (165mg) in 1,4-dioxan (4ml) at room temperature. After 2h the 
solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissolved in dimethylformamide (5ml) and diisopropylethylamine (156/il), [2R- 
[2a(R*),4/3]]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic acid (198mg) and 2-(lH- 
ben20triazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (132mg) were 
added sequentially. After stirring at room temperature for 17h the reaction mixture 
was partitioned between ethyl acetate and water. The aqueous layer was extracted 
with ethyl acetate and the combined organic layers washed with 2N hydrochloric 
acid, saturated sodium hydrogen carbonate solution and brine. The solution was 
dried (MgSO^ and the solvent evaporated in vacuo to give a yellow oil. 
Purification by silica gel column chromatography using chloroform : methanol 
(40;1) as eluant gave the title compound (123mg), mp. 114-117* , [a]§ 3 +48.0 - (c 
0.52, methanol), 1 H n.m.r. (DMSO e ) S 1.08 (3H), 1.50 (3H), 2.1-2.4 (2H), 2.6-3.0 
(2H), 3.4-3.7 (5H), 3.8-4.0 (2H), 4.05 (1H), 4.1-4.4 (2H), 4.45 (1H), 4.7-5.0 (3H), 
5.21 (1H), 7.1-7.4 (20H), 7.61 (1H), 8.14 (1H), 8.32 (1H) and 8.50 (1H). 

Example 17 

r2R-r2ttrR*\40fR*.R*)11-4-f[[4-rr2.3-Dihvdroxvpropynamino1-2-hvdroxv-4-oxo- 
l-fphenvlmethvnbutvl]amino]carbonvl]-5,5-dimethvl-<y-f(phenvlacetynamino]-N- 
fphenvlmethyl>2-thiazolidineacetamide 

3M Hydrogen chloride in 1,4-dioxan (4ml) was added to a solution of 
Intermediate 22 (210mg) in 1,4-dioxan (10ml) at room temperature. After 4.5h the 
solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissolved in dimethylformamide (5ml) and diisopropylethylamine (145/il), [2R- 
[2a(R*),4/J]]-5,5-dimethyl-2-[2-oxo-l-[(pheny lacetyl)amino]-2- 
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[(phenylmethyl)amino]ethyl]-4-thiazoIidinecarboxyIic acid (235mg) and 2-(lH- 
benzotriazol-l-yl)-l,lf3,3-tetramethyluronium tetrafluoroborate (188mg) were 
added sequentially* After stirring at room temperature for L5h the reaction mixture 
was partitioned between ethyl acetate and water. The aqueous layer was extracted 
with ethyl acetate and the combined organic layers washed with IN hydrochloric 
acid, saturated sodium hydrogen carbonate solution and brine. The solution was 
dried (MgSO^ and the solvent evaporated in vacuo to give a yellow solid 
(303mg). Purification by silica gel column chromatography using chloroform : 
methanol (40:1 to 10:1) as eluant gave the title compound (61mg) t mp. 94-96* , 
Md 3 + 89 - 4 * ( c methanol), J H n.m.r. (DMS0 6 ) 5 1.08 (3H), 1.50 (3H), 2.0- 
2.4 (2H), 2.55-3.1 (3H), 3.1-3.7 (7H), 3.7-4.1 (3H), 4.1-4.6 (4H), 4.68 (1H), 4.87 
(1H), 5.21 (1H), 7.1-7.4 (15H), 7.60 (1H), 7.74 (1H), 8.30 (1H) and 8.48 (1H). 

Example 18 

f2R-r2ttfR*).4flrS*.S <E n-4-rrr2-Hvdroxv-4-rf3-hvdroxvpropvnamino1-4-oxo-l- 
fphenvlmethvnbutvl]amino]carbonvlV5.5-dimethvl-a-rrphenvlacetvnamino]-N- 
(phenvlmethvO-2-thiazolidineaeetamide 

8M Hydrogen chloride in 1,4-dioxan (2ml) was added to a solution of 
Intermediate 23 (228mg) in 1,4-dioxan (10ml) at room temperature. After 3h the 
solvent was evaporated in vacuo to give the hydrochloride salt. The salt was 
dissolved in dimethylformamide (10ml) and diisopropylamine (221 jzl), [2R- 
[2of(R*),4/3]]-5,5-dimethyl-2-[2-oxo-l -[(pheny lacetyl)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidineca^boxylic acid (267mg) and 2-(lH- 
benzotriazoI-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (213mg) were 
added. After stirring at room temperature for Ih the reaction mixture was 
partitioned between ethyl acetate and water. The aqueous layer was extracted with 
ethyl acetate and the combined organic layers washed with IN hydrochloric acid, 
saturated sodium hydrogen carbonate solution and brine. The solution was dried 
(MgSO^ and the solvent evaporated in vacuo to give a yellow oil. Purification by 
silica gel column chomatography using chloroform : methanol (40:1) as eluant 
gave the title compound (llOmg), mp. 97-101 ' , [a]g D +85.9" (c 1.1. methanol;. 
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X H n.m.r. (DMS0 6 ) 6 1.08 (3H), 1.4-1.6 (2H), 1.50 (3H), 2.0-2.3 (2H), 2.55-2.95 
(2H), 2.95-3.2 (2H), 3.2-3.4 (2H), 3.45-3.65 (3H), 3.8-4.1 (3H) } 4.1-4.5 (4H), 4.88 
(1H), 5.20 (1H), 7.1-7.3 (15H), 7.58 (1H), 7.75 (1H), 8.31 (1H) and 8.49 (1H). 

Example 19 

r2R-r2ttfR*V40[^R*)^^ 

oxo-1 -(phenvlmeth vnbutvl1amino]carbon vn-5,5-dimeth yl-g- 
rfphenvlacetynaminol-N-fphenvlmethyn^-thiazoIidineacetamide 

8M Hydrogen chloride in 1,4-dioxan (2ml) was added to a solution of 
Intermediate 24 (164mg) in a mixture of 1,4-dioxan and methanol (10ml). After 
2.5h the solvent was evaporated in vacuo to give the hydrochloride salt. The salt 
was dissolved in dimethylformamide (5ml) and diisopropylethylamine (220^1), 
[2R-[2a(R*),4^]]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic acid (180mg) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (144mg) were 
added. After stirring at room temperature for 2h the reaction mixture was 
partitioned between ethyl acetate and water. The aqueous layer was extracted with 
ethyl acetate and the combined organic layers washed with saturated sodium 
hydrogen carbonate solution and brine. The solution was dried (MgS0 4 ) and the 
solvent evaporated in vacuo to give a brown oil. Purification by silica gel column 
chomatography using chloroform:methanol (30:1 to 8:1) as eluant gave the title 
compound f79mg) as a white solid, mp. 172-176', [a]§ 3 +77.1" (c 1.1, 
methanol), 2 H n.m.r. (DMSO-d 6 ) 6 1.10 (3H), 1.51 (3H), 2.3-2.4 (2H), 2.4-2.8 
(3H), 2.8-3.0 (1H), 3.1-3.6 (5H), 3.75-4.1 (3H), 4.1-4.45 (2H), 4.45 (1H), 4.88 
(1H), 5.33 (1H), 6.78 (1H), 7.1-7.4 (15H), 7.49 (1H), 7.61 (1H), 7.88 (1H), 8.33 
(1H), 8.52 (1H), and 11.77 (1H). 

Example 20 

r2R-^2ttfR*V40aR^2R*vlw^ 

[( r phenvlmethvl)amino1butvnamino]carbonyl]-5.5-dimethvUQf-rrrri.r-biphenv1]-2- 
vl]carbonvl]amino1-2-thiazolidineacetamide 
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3.2M Hydrogen chloride in 1,4-dioxan (3.5ml) was added to a solution of 
Intermediate 3 (0.22g) in 1,4-dioxan (3ml) at room temperature. The solution was 
stirred at room temperature for 3h and the solvent removed in vacuo to afford a 
yellow oil. The oil was dissolved in dimethylformamide (5ml) and 
diisopropylethylamine (106*d), Intermediate 10 (0.134g) and 2-(lH-benzotriazol-l- 
yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.096g) added. After stirring at 
room temperature for 18h the reaction mixture was partitioned between ethyl 
acetate and water. The ethyl acetate layer was separated, washed with 2N 
hydrochloric acid, saturated sodium hydrogen carbonate solution and brine, and 
dried (MgS0 4 ). The solvent was evaporated in vacuo to afford an oil which was 
purified by silica gel chomatography using chloroform/methanol 40:1 as eluant to 
give the title compound (63mg), mp. 170-172" , [a]§ 3 +72.2' (c 0.54, CH 3 OH), 
1 H n.m.r. (DMSO-d 6 ) 8 0.99 (3H), 1.08 (3H), 1.52 (3H), 2.1-2.4 (2H), 2.6-3.2 
(4H), 3.58 (1H), 3.7-4.4 (6H), 4.82 (1H), 5.30 (1H), 7.1-7.6 (19H), 7.75 (2H), and 
8.25-8.45 (2H). 

Example 21 

f2R-r2arR*^4gfR^11-4-rrr2-Hvdroxv-3-rrfl-oxo-2-phenvnethvnamino1-l- 
fphenvlmethvnpropvl1amino1carbonvlV5.5-dimethvl-a;-r(phenvlacetvnamino1-N- 
fphenvlmethvD-2-thiazolidineacetamide 

Intermediate 30 (280mg) was dissolved in N,N-dimethylformamide (10.5ml) 
and 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate 
(320mg) and N-diisopropylethylamine (200^1) added. After stirring at room 
temperature for 18h, the mixture was diluted with ethyl acetate and washed with 
dilute hydrochloric acid, saturated sodium hydrogen carbonate and saturated 
sodium chloride solution, dried and evaporated to a foam. Purification by column 
chomatography on silica gel (Merck Kieselgel 60, lOOg) using 
dichloromethane/methanol (9:1) as eluant gave the title compound (150mg) as a 
brown foam, [a]g° +55.6' (c 0.50,DMSO), 1 H n.m.r. (DMSO-d 6 ) 5 0.93-1.02 
(3H), 1.45-1.5 (3H), 2.4-3.1 (5H), 3.1-3.9 (6H), 4.0 (1H), 4.1-4.5 (3H), 4.85 (1H), 
5.0-5.5 (1H), 7.0-7.4 (20H) and 7.4-8.6 (4H). 
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Example 22 

r2R-r2«(R*^4gr2 , R*S*,3 >, S*m-4-rTr2-Hvdroxv-3-frf(l,l- 
dimethvlethvnamino]carbonvl]-l,2,3,4-tetrahydro>2- 
isoquinolinvl]propyl1amino1carbonvl]-5,5-dimethvl^^ 
(phenvlmethvlV2-thiazolidineacetamide 

Intermediate 34 (297mg) was dissolved in N,N-dimethyIformamide (14ml) 
and diisopropy lethylamine (460^1), 2-(lH-benzotriazoI-l-yl)-l, 1,3,3- 
tetramethyluronium tetrafluoroborate (305mg) and [2R-(2aR*),4/3)]-5,5-dimethyl- 
2-[2-oxo-l-[(phenyIacetyl)amino]-2-[(phenylmethylamino]ethyl]-4- 
thiazolidinecarboxylic acid (384mg) added. After stirring at room temperature for 
22h the reaction mixture was partitioned between ethyl acetate and water. The 
organic layer was washed with saturated sodium hydrogen carbonate and saturated 
sodium chloride solution, dried and evaporated to a brown foam. Purification by 
column chomatography on silica gel (Merck Kieselgel 60, 50g) using 
dichloromethane/methanol (9:1) as eluant gave the title compound (207mg) as a 
light brown foam, +49.5* (c 0.55, DMSO), ! H n.m.r. (DMSO-d 6 ) 6 1.0-1.2 

(3H), 1.2-1.3 (9H), 1.3-1.6 (3H), 2.2-2.6 (2H), 2.8-3.6 (9H), 3.6-4.0 (3H), 4.1-4.5 
(3H), 4.88 (1H), 4.9-5.4 (1H), 7.0-7.7 (15H), 7.8-8.0 (1H), 8.35 (1H) and 8.50 
(1H). 

Example 23 

f2R-r2arR*\4gf2 , R^S^,3 ,, S^,4a ,, S*,8a ,, R ,,E 111-4-rrr2-Hvdroxv-3-rrrri,l- 
dimethvlethvOamino]carbonvl1decahvdro-2-isoquinolinyl] 
propyl]amino1carbonvl]-5,5-dimethvl-N-fffn J-dimethvlethoxv) carbonyl] 
amino]ethvl'(-Qf-((phenvlacetvnamino^-2-thiazolidineacetamide 

Intermediate 35 (200mg) in dichloromethane (5ml) was stirred at room 
temperature with (2-aminoethyl)carbamic acid, 1,1-dimethylethyl ester* 5 (61mg) for 
3 days. The solvent was evaporated to a foam which was purified by preparative 
thin-layer chomatography using dichloromethane/methanol (9:1) as developer to 
give the title compound (113mg) as a white glassy solid, [aj^ +1.4* (c 0.54, 
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DMSO), 2 H n.m.r. (DMSO-d 6 ) 6 1.0-1.6 (8H), 1-13 and 1.15 (3H), 1.30 (9H), 1.38 
(9H), 1.46-1.48 (3H), 1.6-1.9 (4H), 2.0 (2H), 2.2-2.6 (2H) 2.6-3.2 (8H), 3.4-3.75 
(4H), 3.82 (1H), 4.32 (1H), 4.6-5.0 (2H), 6.6-7.4 (6H), 7.85 (1H), 7.9-8.0 (lH) t and 
8.2 (1H). 

8. D.Gigot and M.Penninckx, J.Pharm.ScL, 1984, 73(2), 275. 
Example 24 

r2R-r2arR*V4flr2 , R*S # .3 ,, S*,4a , 'S*.8a ,, R*111-N-Aminoethvl-4-rrr2-h 

[ffflJ-dimethvlethvnaminolcarbonvll-decahvdrO'2- 

isoquinolinvl1propvl1amino1carbonvl1-5.5-dimethvl-a-ffphenvla cetvnamino1-2- 

thiazolidineacctamide 

Example 23 (204mg) in dichloromethane (8ml) was stirred at room 
temperature with trifluoroacetic acid (4ml) for 35min. The reaction solution was 
poured into a mixture of ethyl acetate (50ml) and saturated aqueous sodium 
hydrogen carbonate and then the organic phase was separated, dried and evaporated 
to give the title compound (158mg) as a white foam, [a]^ 9 -19.8* (c 
O.S^DMSO), 1 !! n.m.r. (DMSO-d 6 ) 6 1.22 (9H), 1.0-1.9 (18H), 2.05 (2H), 2.1-2.6 
(2H), 2.6-3.0 (6H), 3.1-3.8 (6H), 3.8-4.15 (2H), 4.28 (1H), 4.5-5.0 (2H), 7.1-7.4 
(6H) and 7.4-8.5 (3H). 

Example 25 

f2R-r2 tt rRM.4gr2'R^s^4-Rmi"4-rrr2-Hvdroxv-4-rrrn,i- 

dimethvlethvnamino]carbonvn-3-thiazolidinvnpropvl]amino1carbonvn-5,5- 
dimethvl-Qf-rrphenvlacetv^amino^-N-fphenvlmethvn^-thiazolidineacetamide 

Intermediate 40 (206mg) in dichloromethane (10ml) was stirred for 5 days 
with benzylamine (46mg). The mixture was diluted with ethyl acetate and then 
washed with dilute hydrochloric acid, saturated sodium chloride solution, dried and 
concentrated to a foam. Purification by column chomatography on silica gel 
(Merck Kieselgel 60, 60g) using dichloromethane/methanol (9:1) as eluant gave the 
title compound q04mg) as a light yellow foam, [a]J 9 + 15.3* (c 0.50, DMSO), 
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J H n.m.r. (DMSO-d 6 ) 6 1.17 (3H), 1,28 (9H), 1.50 (3H), 2.2-2.6 (2H), 2.6-3.1 
(2H), 3.1-3.6 (6H), 3.68 (1H), 3.8-4.0 (2H), 4.05 (1H), 4.16-4.38 (2H), 4.44 (1H), 
4-88 (1H), 5.0-5.2 (1H), 7.1-7.3 (10H), 7.3-7.5 (1H), 7.7-7.9 (1H), 8.35 (1H) and 
8.5 (1H). 

Example 26 

2R-r2gfRM,4flr2 , R*SM , S*11^ 

dimethvlethvnamino1ethvnamino]-2-hvdroxvpropvl1amino1carbonv1'|-N- 
ethvlamino-5,5-dimethvl-tt-[(phenvlacetvnamino]-2-thiazoIidineacetaniide 

6M-Hydrogen chloride in 1,4-dioxan (1ml) was added to a solution of 
Intermediate 43 (0.155g) in 1,4-dioxan (2ml) at room temperature. The solution 
was stirred at room temperature for 2h and the solvent removed in vacuo to afford a 
gummy solid (0.127g). The solid was dissolved in dimethylformamide (5ml) and 
diisopropylethylamine (220^1), Intermediate 8 and 2-(lH-benzotriazol-l-yl)- 
1,1,3,3-tetramethyluronium tetrafluoroborate (0.124g) added. After stirring at 
room temperature for 2h the reaction mixture was partitioned between ethyl acetate 
and water. The organic phase was washed with saturated sodium hydrogen 
carbonate solution and brine, dried (MgSO^) and evaporated in vacuo to afford a 
yellow oil. Purification by silica gel column chomatography using 
chloroform/methanol 50:1 as eluant gave the title compound (63mg), m.p. 99- 
102% [<*]]5 3 +30.0* (c 0.5, methanol), *H n.m.r. (DMSO-d 6 ) 6 0.7-0.9 (3H), 0.98 
(3H), 1.16 (3H), 1.25 (9H), 1.0-1.4 (6H), 1.48 (3H), 1.50-1.80 (6H), 2.30-2.60 
(2H), 2.8-3.15 (3H), 3.15-3.80 (5H), 3.78 (1H), 4.30 (1H), 4.75-4.95 (1H), 4.83 
(1H), 7.10-7.40 (5H), 7.40-7.80 (1H), 7.80 (1H), 7.89 (1H) and 8.20 (1H). 

Example 27 

f2R-f2g(RM.4fl[2'R*SM"S*]]1-^^ 

dimethvlethvnamino]ethvl1methvlamino]-2-hvdroxvpropvl1amino]carbonvl]-N- 
ethvlamino-5,5-dimethvl-a-[(phenylacetvnamino]-2-thiazolidineacetamide 

8.2M Hydrogen chloride in 1,4-dioxan (2ml) was added to a solution of 
Intermediate 48 (0.275g) in 1,4-dioxan (6ml) at room temperature. The solution 
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was stirred at room temperature for 1.5h and the solvent then removed in vacuo to 
afford a yellow oil (0.179g). The oil was dissolved in dimethylformamide (5ml) 
and diisopropylethylamine (0.248ml), Intermediate 8 (0.1 74g) and 2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.162g) added. 
After stirring at room temperature for Vhh the reaction mixture was partitioned 
between ethyl acetate and water. The organic phase was washed with saturated 
sodium hydrogen carbonate solution and brine, dried (MgSO^, and the solvent 
evaporated in vacuo to a pink oil. Purification by silica gel column chomatography 
using chloroform/methanol 40:1 as eluant afforded the title compound (28mg), 
m.p. 77-81", [a]J 3 +52.8* (c 0.81, methanol), 1 H n.m.r. (DMSO-d 6 ) 6 1.13 (3H), 
1.24 (9H), 1.46 (3H), 0.8-1.7 (16H), 2.1-2.6 (4H), 2.78 (1H), 2.95-3.2 (4H), 3.2-3.7 
(5H), 3.80 (1H), 4.30 (1H), 4.64 and 4.84 (1H), 4.84 (1H), 7.1-7.35 (5H), 7.40 and 
7.54 (1H), 7.78 (1H), 7.93 (1H) and 8.21 (1H). 

Example 28 

r2R-r2gfR*\4gr2'R*S < '.3"S*.4a ,, S*.8a"R*m-N-Heptvl-4- rrr2-hvdroxv-3- 
rrrfl.l-dimethvlethvnamino]carbonvndec ahvdro-2- 
isoouinolinvnpropvnaminolcarbonvn-5.5-dimethvl-a-rfphenvlac etvnamino1-2- 

thiazolidineacetamide 

n-Heptylamine (0.165ml) was added to a solution of Intermediate 35 (0.35g) 
in dichloromethane (5ml) and the mixture stirred at room temperature for 17h. The 
solvent was then evaporated in vacuo and the residue purified by silica gel column 
chomatography using chloroform/methanol (50:1) as eluant to afford the title 
compound (65mg), m.p. 98-103', [a] 2 ) 3 -5.6' (c 0.98, methanol), 2 H n.m.r. 8 
1.15 to 1.18 (3H), 1.22 and 1.28 (9H), 1.50 and 1.52 (3H), 0.8 to 2.6 (29H), 2.7 to 
3.2 (4H), 3.3 to 4.1 (6H), 4.38 (1H), 4.7 to 5.0 (2H), 7.1 to 7.5 (6H), 7.7 to 8.0 (2H) 
and 8.3 (1H). 

Example 29 

f2R-r2a( r R*'>.4flr2'R*S*.2 >> S*.4"R*ni-4-rrr2-Hvdroxv-3-r2-rr(l.l- 
dimethvlethvl)amino1carbonvl1-4-n.l-dimethvlethoxv)-1- 
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PYrrolidinvIforopvI]aminofc^ 
(phenvlmethylV2-thiazolidineacetamide 

8.4M Hydrogen chloride in 1,4-dioxan (0.94ml) was added to a solution of 
Intermediate 51 (0.452g) in methanol (7.2ml) at room temperature. The solution 
was stirred 17h and the solvent removed in vacuo to afford a white solid (0.475g). 
A portion of the solid (0.36g) was dissolved in dimethylformamide (15ml) and 
[2R-[2a(R*),4/5]]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic acid (0.41g), 
diisopropylethylamine (0.49ml) and 2-(lH-benzotriazol-l-yl)-l, 1,3,3- 
tetramethyluronium tetrafluoroborate (0.3g) added sequentially. The reaction was 
stirred at room temperature for 2h and then partitioned between ethyl acetate and 
water. The organic phase was separated, washed with saturated sodium hydrogen 
carbonate and brine, dried (MgS0 4 ), and the solvent evaporated in vacuo to afford 
a yellow solid. Purification by silica gel column chomatography using 
chloroform/methanol 50:1 as eluant gave the title compound (0.12g), m.p. 95- 
100\ [a]g 2 +16.2" (c 1.05, methanol), 2 H n.m.r. (DMSO-d 6 ) 5 1.07 (9H), 1.15 
(3H), 1.24 (9H), 1.80 (2H), 2.15 (1H), 2.3-2.5 (2H), 2.98 (2H), 3.1-3.4 (2H), 3.4- 
3.7 (4H), 3.88 (1H), 4.0-4.5 (3H), 4.45 (1H), 4.88 (1H), 4.78-5.05 (1H), 7.1-7.35 
(10H), 7.38 and 7.55 (1H), 7.85 (1H), 8,33 (1H) and 8.48 (1H). 

Example 30 

^2R-^2«(R*v4m > R*s^3'^ 

hvdroxv-3-f rrn.l-dimethvlethvnaminolcarbon vndecahvdro-2- 

isoquinolinvl1propvnamino]carbonyl]-5,5-dimethvl-cy-f(phenvlacetvnamino1-2- 
thiazolidineacetamide 

Cyclohexylmethylamine (0.146ml) was added to a solution of Intermediate 
35 (0.35g) in dichloromethane (5ml) and the mixture stirred for 17h at room 
temperature. The solvent was evaporated in vacuo and the residue purified by 
silica gel column chomatography using chloroform/methanol (50:1) as eluant to 
afford the title compound (43mg) m.p. 115-118' , [*]§ 3 -3.8° (c 0.53, methanol), 
2 H n.m.r. (DMSO-d 6 ) 6 0.82 (3H), 1.0-1.9 (19H), 1.26 (9H), 1.18 (3H), 1.50 (3H), 
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2.05 (2H), 2.28 (1H), 2.5 (1H), 2.7-3.3 (6H), 3.40-3.55 (3H), 3.60 (1H), 3.80 (1H), 
4.33 (1H), 4.82 (1H), 4.90 (1H), 7.1-7.4 (6H), 7.85 (2H) and 8.24 (1H). 
(1H), 8.39 (1H), 8.50 (1H). 

Example 31 

r2R"r2«rR*V4flr2 , R*S*.2 ,> R*,4 ,, S*111-5.5-Dimethvl-4-rrr3-r2-rr( r l J - 
dimethvlethvnamino1carbonvn-4-rphenvlmethoxvVl-pvrroIidinyl1-2- 
hvdroxvpropvI]amino1carbonvl]-a-frphenvlacetvnamino]-N-(phenvlmethvn-2- 
thiazolidineacetamide 

6M Hydrogen chloride in 1,4-dioxan (2ml) was added to a solution of 
Intermediate 53 (0.48g) in 1,4-dioxan (4ml) and the mixture stirred at room 
temperature for 2h. The solvent was then evaporated in vacuo to afford a white 
solid (0.45g). The solid was dissolved in dimethylformamide (10ml) and 
diisopropylethylamine (0.676ml), [2R-[2a(R*),4^]]-5,5-dimethyl-2-[2-oxo-l- 
[(phenylacetyl)amino]-2-[(phenylmethyl)amino]ethyl]-4-thiazolidinecarboxylic 
acid (0.559g) and 2-(lH-benzotriazol-l-yI)-l,l,3,3-tetramethyluronium 
tetrafluoroborate (0.38g) were added sequentially. The mixture was stirred at room 
temperature for 2h and then partitioned between ethyl acetate and water. The 
organic phase was washed with saturated sodium hydrogen carbonate solution and 
brine, dried (MgS0 4 ) and the solvent evaporated in vacuo to leave a yellow oil. 
Purification by silica gel column chomatography using chloroform/methanol (50:1) 
as eluant afforded the title compound (O.lg) as a white solid, m.p. 74-78 " , 
+24.0' (c 1.0, methanol), X H n.m.r. (DMSO-d 6 ) 5 1.10 (3H), 1.18 and 2.12 (9H), 
1.50 (3H), 1.85 (1H), 2.1 - 2.6 (4H), 2.7 - 3.2 (2H), 3.2 - 3.4 (1H), 3.4 - 3.7 (4H), 
3.86 (1H), 4.08 (1H), 4.15 - 4.5 (5H), 4.82 (0.5H), 4.90 (1H), 5.08 (0.5H), 7.1 - 7.4 
(15H), 7.40 (0.5H), 7.68 (0.5H), 7.83 (1H), 8.33 (IHj and 8.50 (1H). 

Example 32 

f2R-r2arR*V4gr2 , S*.3 ,, S*.4a ,, S <e .8a ,> R*in-4-rrr2-Hvdroxy-3-rrrn.l- 
fdimethvlethvnamino~|carbonvl1decahvdro-2- 
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isoquinolinvl]propvl]amino]carbonyl]-5,5-dimethvI-a-[(phenvlacetvnamino]-2- 
thiazolidineacetamide 

Intermediate 54 (250mg) was stirred for 48h at room temperature in a 
mixture of tetrahydrofuran (10ml) and concentrated ammonia solution (0.3ml). 
The solution was then concentrated to an orange foam which was purified by 
column chomatography on silica gel (Merck 9385, 70g) using ch!oroform:methanol 
(17:1) as eluant to yield the title compound (133mg) as a white solid, m.p. 132- 
142 # (slow melt), [ajg 1 -12.7* (c 1.02, methanol), X H n.m.r. (DMSO-d 6 ), 1.15 
(3H), 1.24 (9H), 1.50 (3H), 2.2-1.1 (14H), 2.30 (1H), 2.55 (1H), 2.7-3.0 (2H), 3.48 
(2H), 3.5-3.8 (3H), 3.96 (1H), 4.30 (1H), 4.70 (1H), 4.93 (1H), 7.0-7.4 (8H), 7.91 
(1H) and 8.25 (1H). 

Example 33 

r2R-r2ttfR*\4flr2 , S^.3 >> S*.4a >, S*.8a >> R*11VN-Ethvl-4-[ff2-hvdroxv^ 

dimethvlethvnamino]carbonvl]decahvdro-2-isoquinolinvnpropyllamino1carbonvl]- 

5.5-dimethvl-a-f(phenylacetvl > >amino1-2-thiazolidineacetamide 

Intermediate 54 (250mg) was stirred in dichloromethane (10ml) at room 
temperature with ethylamine in dichloromethane (10% by volume 0.52ml) for 48h. 
The mixture was concentrated in vacuo to an orange oil which was purified by 
column chomatography (Merck 9385, 60g) using chloroform:methanol (50:1) to 
yield the title compound (75mg) as a white solid, m.p. 96-120* (slow melt), [a]^ 
-6.1 • (c 0.98, methanol) A H n.m.r. (DMSO-d 6 ) 6 1.15 (3H), 1.25 (9H), 1.5 (3H), 
1.1 - 2.2 (14H), 2.30 (1H), 2.55 (1H), 2.78 (1H), 2.9 (1H), 3.40 (3H), 3.49 (2H), 3.8 
- 3.5 (3H), 3.98 (1H), 4.30 (1H), 4.70 (1H), 4.95 (1H), 7.1 - 7.4 (6H), 8.05 (1H) 
and 8.49 (1H). 

Example 34 

T2R-r2tt(R* > >,4gr2 , S*.3 ,y S*.4a ,> S*.8a' > R^111-N-f4- 
r(Dimethvlamino)phenvnmethyl1*4-rrr2*hvdroxv-3-[f[fl.l- 
dimethvlethvnamino")carbonvndecahvdro-2-isoquinolinvnpropvl1amino1carbonyl]> 
S^-dimethvl-g-rfphenvlacetvnaminol^-thiazolidineacetamide 
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A mixture containing Intermediate 54 (250mg), diisopropylethylamine 
(0.33ml) and p-dimethylaminobenzylamine dihydrochloride (107mg) was stirred at 
room temperature for 120h. The mixture was washed with water (10ml) and 
saturated sodium hydrogen carbonate (10ml), dried and concentrated to an orange 
oil which was purified by column chomatography (Merck 9385, 60g) using 
chloroform rmethanol (50:1) to yield the title compound (99mg) as a white solid, 
m.p. 108-116* (slow melt), [a]^ 1 -0.98' (c 1.03, methanol), 1 H n.m.r. (DMSO- 
d 6 ) S 1.15 (3H), 1.24 (9H), 1.50 (3H) 1-1 - 2.2 (14H), 2.30 (1H), 2.55 (1H), 2.7 - 
3.0 (2H), 2.88 (6H), 3.49 (2H), 3.5 - 3.8 (3H), 3.90 (1H), 4.0 - 4.30 (2H), 4.38 
(1H), 4.70 (1H), 4.92 (1H), 6.62 (2H), 7.03 (2H), 7.1 - 7.4 (6H), 7.91 (1H), 8.20 
(1H) and 8.35 (1H). 

Example 35 

f2R-r2gfR*'>.4flr2 , S*.l"S.4a ,, S.8a"Rni-5.5-Dimethvl-4-rrr2-hv droxv-3-ri-rrri.l- 
dimethvlethvnaminolcarbonvndecahvdro-2-isoQuinolin vllDropvnaminolcarbonvll- 
tt-r(phenvlacetvDamino"|-2-thiazolidineacetic acid methyl ester 

Intermediate 54 (250mg) was loaded onto a silica column (Merck 9385, 60g) 
and eluted with chloroform:methanol (50:1) to give the title compound (102mg) as 
a white solid, m.p. 98-106* (softens), [a]^ 1 -13.3' (c 0.98, methanol), a H n.m.r. 
(DMSO-d 6 ) 5 1.15 (3H), 1.25 (9H), 1.5 (3H), 1.1 - 2.2 (14H), 2.30 (1H), 2.55 
(1H), 2.78 (1H), 2.90 (1H), 3.40 (3H), 3.49 (2H), 3.5 - 3.8 (3H), 3.98 (1H), 4.30 
(1H), 4.70 (1H), 4.95 (1H), 7.1 - 7.4 (6H), 8.05 (1H) and 8.49 (1H). 

Example 36 

f2R-r2gfR*14gr2 , S*.3 >, S*.4a"S*.8a"R*m-o!-rr4-fFluorophenvnacetvn aminol- 
4-frr3-rr(l.l-dimethvlethvnamino1carbonvndecahvdro-2-isoQ uinolinvn-2- 
hvdroxvpropvl1amino1carbonvll-N-f2-pvridinvlmethvl'> -2-thiazolidineacetamide 

Intermediate 15, isomer 2 (130mg) in 1,4-dioxan (5ml) was stirred for 20h 
with ~8M hydrogen chloride in 1,4-dioxan (3.0ml) under N 2 at room temperature. 
The mixture was concentrated to a white solid and re-dissolved in 
dimethylformamide (10ml) to which was added N-ethyldiisopropylamine (0.19ml), 
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2-(lH-benzotriazoI-l-yl)-l,l»3,3-tetramethyluronium tetrafluoroborate (127mg) 
and Intermediate 6 (170mg), and the mixture was stirred at room temperature for 
20 h. Water (20ml) was then added and the solution extracted with ethyl acetate 
(20ml). The aqueous layer was further washed with ethyl acetate (2x10ml). 
Combined organic layers washed with saturated sodium bicarbonate (30ml) and 
saturated sodium chloride (30ml), dried and evaporated to an orange foam (0.30g), 
re-dissolved in dichloromethane (10ml) and stirred at room temperature for 48h 
with 2-aminomethylpyridine (45^1)- The mixture was concentrated to a pale 
orange foam and purified by column chomatography on silica gel (Merck 9385, 
65g) using chloroform:methanol (30:1) to yield the title compound (48mg), m.p. 
120-128 - (slow melt), [a]^ 1 -8.1 9 (c 0,98, methanol), J H n.m.r. (DMSO-d 6 ) 6 
1.15 (3H), 1.25 (9H), 1.50 (3H), 1.1 - 2.2 (14H), 2.30 (1H), 2.58 (1H), 2.78 (1H), 
2.90 (1H), 3.50 (2H), 3.55 - 3.8 (3H), 3.96 (1H), 4.34 (2H), 4.44 (1H), 4.70 (1H), 
5.0 (1H), 7.0 - 7.15 (2H), 7.15 - 7.4 (5H), 7.70 (1H), 7.99 (1H) and 8.3 - 8.6 (3H). 

Example 37 

r2R-r2ttfR*^4flf2 , R*S*,2 ,, S*in-5,5-Dimethvl-4-ff[3-[2-ffri.l- 
dimethvlethvl)amino1carbonvl]-l-pvrrolidinvl]-2-hvdroxvpropvl]amino)carbonvl]- 
a-f(phenvlacetvnaminoVN-(phenvlmethvlV2-thiazolidineacetamide 

Intermediate 56 (150mg) in 1,4-dioxan (5ml) was stirred for 7h with 3M 
hydrogen chloride in 1,4-dioxan (2ml) at room temperature. The mixture was 
concentrated to a white solid and re-dissolved in dimethylformamide (5ml) to 
which was added N-ethyldiisopropylamine (0.23ml), 2-(lH-benzotriazol-l-yl)- 
1,1,3,3-tetramethyluronium tetrafluoroborate (154mg) and [2R-(2a(R*),4/J)]-5,5- 
dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2-[(phenylmethyl)amino]ethyl]-4- 
thiazolidinecarboxylic acid (193mg). The mixture was stirred at room temperature 
under N2 for 16h. Water (10ml) was then added and the solution extracted with 
ethyl acetate (3x10ml). The combined organic fractions were then washed with 
saturated sodium hydrogen carbonate (20ml) and saturated sodium chloride (20ml), 
dried and concentrated to a yellow oil. This oil was purified by column 
chomatography on silica gel (Merck 9385, 25g) using chloroform:methanol (50:1) 
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to give the title compound as a white solid (92mg) as a 3:2 mixture of 
diastereoisomers, m.p. 78-90* (slow melt) [a] 2 , 1 +18.2' (c 0.98, methanol), 1 H 
n.m.r. (DMSO-d 6 ) 6 1.15 (3H), 1.25 (9H), 1.50 (3H), 1.1 - 1.8 (3H), 2.0 (1H), 2.1 
-2.6 (3H), 2.7 - 3.0 (2H), 3.0 - 3.4 (2H), 3.4 - 3.7 (2H), 3.49 (2H), 3.90 (1H), 4.1 - 
4.4 (2H), 4.40 (1H), 4.85 (1.5H), 5.12 (0.5H), 7.1 - 7.4 (10H), 7.46 (0.5H), 7.68 
(0.5H), 7.92 (1H), 8.38 (1H) and 8.52 (1H). 

Example 38 

[2R-i"2afR*V4flr2 , R*S ]|I .4"S*m-4-rrr3-r4-rr(l.l-dimethvlethvnamino1carbonvn- 
5.5-dimethvl-3-thiazolidinvn-2-hvdroxvpropvnamino1carbonvn-5.5-dimethvl-g- 
ITphenvlacetvDaminol-N-Cphenvlmethvn^-thiazolidineacetamide 

Intermediate 58 (as a 1:1 mixture of isomer 1 and isomer 2) (160mg) in 1,4- 
dioxan (5ml) was stirred with 3M hydrogen chloride in 1,4-dioxan (2ml) at room 
temperature for 20h. The mixture was concentrated to a white solid and re- 
dissolved in dimethylformamide (6ml) to which was added N- 
diisopropylethylamine (0.22ml), 2-(lH-benzotriazol-l-yl)-l,l,3,3- 
tetramethyluronium tetrafluoroborate (145mg) and [2R-2a(R*),40]-5,5-dimethyl- 
2-[2-oxo-l-[(phenylacetyl)amino]-2-[(phenyimethyl)amino]ethyI]-4- 

thiazolidinecarboxylic acid (180mg). The mixture was stirred at room temperature 
under N 2 for 16h. Water (20ml) was then added and the solution extracted with 
ethyl acetate (3x10ml). The combined organic fractions were then washed with 
saturated sodium bicarbonate (20ml) and saturated sodium chloride (20ml), dried 
and concentrated to an oil (0.32g). This oil was purified by column chomatography 
on silica gel (Merck 9385, 60g) using chloroform:methanol (50:1) as eluant to give 
the title compound as a white solid (142mg) (1:1 mixture of diasterioisomers). 
m.p. 95-111 ' (slow melt), [a] 2 ) 1 -32.8* (c 0.94, methanol), *H n.m.r. (DMSO-d 6 ). 
5 1.15 (3H), 1.25 (9H), 1.30 (3H), 1.50 (6H), 2.58 (2H), 2.95 (1H), 3.4-3.1 (2H). 
3.7-3.4 (2H), 3.50 (2H), 4.0-3.7 (2H), 4.5-4.1 (4H), 5.90 (1.5H), 5.28 (0.5H), 7.1 - 
7.4 (10H), 7.43 (0.5H), 7.66 (0.5H), 7.88 (1H), 8.38 (1H) and 8.52 (1H). 



Example 39 
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r2R-r2«(RM.4/U2'R^4" R*S111-4-rr^^ 

dimethvlethvnamino]carbonvn-3-thiazo1idinvl]-2-hvdroxvpropyI]amino1carbon 
5,5"dimethvl-g-frphenvlacetvnamino1-N-phenvlmethvl-2-thiazolidineacetaniide 

Intermediate 60 (145mg) in 1,4-dioxan (2ml) was stirred for 2h with 8.5M 
hydrogen chloride in 1,4-dioxan (1ml). The solution was evaporated in vacuo to 
leave a white solid which was dissolved in dry dimethylformamide (4ml) and 
diisopropylethylamine (221/il)> [2R-(2a(R*),4i3)]-5,5-dimethyl-2-[2-oxo-l- 
[(phenylacetyl)amino]-2-[(phenylmethyl)amino]ethyI]-4-thiazolidinecarboxylic 
acid (171mg) and 2-(lH-benzotriazol-l-yI)-l,l,3,3-tetramethyIuronium 
tetrafluoroborate (113mg) added. After stirring at room temperature for 17h the 
reaction mixture was partitioned between ethyl acetate and water and the combined 
organic extracts washed with saturated sodium hydrogen carbonate solution and 
brine, dried (MgSO^), and evaporated in vacuo to a yellow oil. Purification by 
silica gel column chomatography (Merck 9385) using chloroform/methanol (50:1) 
as eluant gave the title compound (lllmg) as a white solid, m.p. 140-142* , 1 H 
n.m.r. (DMSO-d 6 ) 6 1.0-1.6 (27H), 2.1-3.0 (3.5H), 3.1-3.7 (5.5H), 4.1-4.4 (2H), 
4.43 (1H), 4.58 (0.5H), 4.9 (iH), 5.30 (0.5H), 7.1-7.3 (10H), 7.46 (0.5H), 7.75 
(0.5H), 7.85 (1H), 8.34 (1H) and 8.50 (1H). 

Example 40 

r3RS.2'S.2"R,4"S.r"R1-4-ra^^ 

2- rfphenvlmethvnamino1ethvll-4-thiazolidinvncarbonvl1amino1-2-hvdroxypropYl]- 

3- frn,l"dimethvlethvnamino1carbonvl]-l-piperazinecarboxvlic acid, phenylmethvl 
ester 

2-(lH-Benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate 
(65mg) was added to a solution containing Intermediate 65 (103mg), [2R- 
[2a(R*),4/5]]-5,5-dimethyl-2-[2-oxo-l-[(phenylacetyl)amino]-2- 
[(phenylmethyl)amino]ethyI]-4-thiazolidinecarboxylic acid (89mg) and 
diisopropylethylamine (90jxl) in dimethylformamide (8ml) and the mixture stirred 
at room temperature for 20h. The mixture was then diluted with ethyl acetate 
(200ml) and the solution washed with brine, dried (MgS0 4 ) and the solvent 
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evaporated in vacuo to give a pale yellow gum. Purification by chomatography on 

silica plates using ethyl acetate as eluant afforded the title compound as separate 

2 1 

diastereomers. Isomer 1 (52mg) as a white solid, m.p. 108-112*, [a]^ +61.5* 
(c0.29, methanol), 7 max (CHBr 3 ) 3407 (NH), 1674cm" 1 (C=0), X H n.m.r. 
(DMSO-d 6 ) 5 1.19 (3H), 1.21 (9H), 1.50 (3H), 2.0 - 2.5 (3H), 2.70 (1H), 2.8 - 3.3 
(5H), 3.51 (2H), 3.6 - 4.0 (4H), 4.1 -4.5 (3H), 4.90 (1H), 5.0 - 5.2 (3H), 7.1 - 7.4 
(15H), 7.51 (1H), 7.90 (1H), 8.38 (1H), 8.54 (1H). Isomer 2 (41mg) as a colourless 
foam, [tt]^ 1 +38.1* (c 0.29, methanol), y max (CHBr 3 ) 1675cm" 1 (C=0), 1 H 
n.m.r. (DMSO-d 6 ) 5 1.19 (3H), 1.21 (9H), 1.51 (3H), 2.1 - 2.5 (3H), 2.82 (1H), 2.9 
- 3.4 (3H), 3.50 (2H), 2.69 (2H), 4.96 (1H), 4.27 (2H), 4.43 (1H), 4.88 (2H), 5.08 
(2H), 7.1 - 7.4 (15H), 7.61 (1H), 7.90 (1H), 8.40 (1H) and 8.50 (1H). 
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CLAIMS: 

1. Compound of the general formula (I) 



R 3 




(I) 



wherein : 

R 1 is hydrogen, C-^alkyl or CH^j^alkyl where the C 1 . 3 alkyl portion is 
substituted by OH; 

R 2 is hydrogen, C 1-10 alkyl, C 3 _ 8 cycloalkyl, ArCj^alkyl, HetC^alkyl, 

COAr, COHet, COCH 2 R 5 , COCH(OH)Ar, COCH(OH)Het, COCH=CHPh, 

COR 6 , C0 2 GH 2 Ar, C0 2 CH 2 Het, S0 2 Ar, S0 2 Het, S0 2 CH 2 R 7 S0 2 CH=CHPh or 

S0 2 R 8 [where R 5 and R 7 each independently represent hydrogen, Cj.galkyl, aryl, 

heteroaryl, ArC 1 . 4 alkyl, HetCj^alkyl, aryloxy, heteroaryloxy, C 3 _gcycloalkyl, 

Cj.gCycloalkylC^alkyl, ( CH 2)n C °2 R9 ( where n is °r 1 and R 9 is hydrogen 

or Cj.galkyl), (CH^NR^R 11 (where m is zero, 1, 2, 3, 4 or 5 and R 10 and R 11 

are each independently hydrogen or Cj^alkyl or together with the nitrogen atom to 

which they are attached form a saturated heterocyclic amino group), and R 6 and R 8 

each independently represent C 3 _ g cycloalkyl substituted by phenyl]; 

is hydrogen, Chalky 1, COOR 12 (where R 12 is hydrogen, Chalky 1 or 

ArCj^alkyl) or CONR 13 R 14 [where R 13 is hydrogen or Cj^alkyl and R 14 is 

hydrogen, OH, aryl, heteroaryl, ArCj. 4 alkyl, (wherein the Cj_ 4 alkyl portion is 

optionally substituted by hydroxymethyl), HetCj^alkyl, C 3 _gcycloalkyl, 

C^gcycloalkylCj^^alkyl, (CH 2 ) p R 15 (where p is zero or 1 and R 15 is CF 3 or 

C0 2 R 16 where R 16 is hydrogen or Cj.galkyl), (CH2)qNR 17 R 18 (where q is zero, 
17 1 R 

1, 2, 3, 4 or 5 and R 1 and R AO are each independently hydrogen, C-^alkyl or aryl 
or together with the nitrogen atom to which they are attached form a saturated 
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heterocyclic amino group), CHArC0 2 R 19 , CHHetC0 2 R 20 (where R 19 and R 20 
are each independently hydrogen or C 1 . 6 alkyl) or Cj.galkyl optionally substituted 
by OH, or R 13 and R 14 together with the nitrogen atom to which they are attached 
form a saturated heterocyclic amino group]; 

R 4 is hydrogen, hydroxy, or acetoxy; 

A represents either a group CH 21 CH 22 OH or a group 

Y Z 
X N CHCOR 23 

[where R 21 is hydrogen, C^galkyi, C 3 . 8 cycloalkylC 1 . 4 alkyl or ArC^alkyl, R 22 
is hydrogen, Chalky!, C 3 . g cycloalkylC 1 . 4 alkyl, ArCj _ 4 alky I, 
CH^CONR^R 26 (where R 24 is hydrogen, Cj.galkyi, C 3 . g cycloalkyIC 1 . 4 alkyl 
or ArC 1 _ 4 alkyl, R 25 is hydrogen or methyl and R 26 is hydrogen, Chalky 1 
optionally substitued by one or two hydroxyl groups, aryl, heteroaryi, 
Cg^cycloalkylCj^alkyl, ArC^alkyl wherein the C 1 _ 4 alkyl portion is optionally 
substituted by hydroxymethyl, or HetCj^alkyl) or CH 24 NHCOR 27 (where R 27 is 

alkyl, C 3 _ 8 cycloalkylC 1 . 4 -alkyl or ArC^ alkyl), R 23 is Cj.galkoxy or 
NR 28 R 29 ( w h ere r28 is hydrogen or methyl and R 29 is hydrogen, Chalky 1, aryl, 
ArC^alkyl or C^gcycloalkylC^alkyl); 

X is a group 



-CHR 30 (CHR 31 ) r (CHR 32 ) s CHR 33 - 

where R 30 and R 33 are hydrogen, r is 1, s is zero and R 31 is hydroxyl or 
hydroxymethyl, or R 30 and R 33 are hydrogen, r and s are 1 and R 31 and R 32 are 
each hydrogen or hydroxyl provided that at least one of R 31 and R 32 is hydroxyl, 
or one of R 30 and R 33 is hydrogen and the other is hydroxymethyl and r and s are 
zero; 
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Y is a methyl group and Z is a C5 or Cg cycloalkylmethyl group or Y and Z 
together represent a trimethylene or tetram ethylene group in which one of the 
-CH 2 - groups is optionally replaced by -O-, -S- or -NR 34 - (where R 34 is hydrogen, 
c 1.6 alk y^ ArCj^alkyl, COR 35 , C0 2 R 35 or CONH 35 where R 35 is Cj^alkyl, 
aryl, ArC^alkyl or C 3 . 8 cycloalkyIC 1 _ 4 alkyl) and one or more of the -CH 2 - 
groups is optionally substituted by a C^alkyl, Cj.galkoxy, aryl, ArC^alkyl, 
ArCj^alkoxy or heteroaryl group or by two Cj.galkyl groups, or Y and Z together 
represent a trimethylene or tetramethylene group fused to a benzene ring or to a 5 
or 6 membered cycloalkane or cycloalkene ring]; 

and physiologically acceptable salts and solvates thereof. 

2. Compounds according to Claim 1 wherein R 1 represents a hydrogen atom or 
a methyl group. 

3. Compounds according to Claim 1 or Claim 2 wherein R 2 represents a group 
selected from COAr (where Ar is biphenyl), COCH 2 R 5 (where R 5 is C 2 . 6 alkyl, 
aryl, heteroaryl, aryloxy or ArC 1 . 4 alkyl) or COR 6 (where R 6 is cyclopropyl 
substituted by phenyl). 

4. Compounds according to Claim 1 or Claim 2 wherein R 2 represents 
COCH 2 Ph, 




COCH 2 OPh, CO(CH2) 2 Ph or COCH 2 Pr-i 
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5. Compounds according to any preceding claim wherein R 3 represents a group 
CONR 13 R 14 . 

6. Compounds according to Claim 5 wherein R 13 is hydrogen and R 14 is a 
group selected from ArC 1 . 4 alkyl, HetC^alkyl, C 3 . 8 cycloalkylmethyl or 
CR2CF3 or R 13 is hydrogen or methyl and R 14 is methyl or ethyl or R 13 and R 14 
together with the nitrogen atom to which they are attached form a piperidino group. 

7. Compounds according to any one of Claims 1 to 4 wherein R 3 represents 
CONHCH 2 Ph, CONHCH 2 CH 3 , CONHCH 2 CH 2 Ph, COMe 2 , 




8. Compounds according to any preceding claim wherein R is hydrogen and A 
represents a group CH 21 CH(OH)CH 2 CONH 26 . 

9. Compounds according to Claim 8 wherein R 21 represents ArC^ alkyl and 
R 26 represents ArCj^alkyl or HetC 1 . 4 alkyl. 



10. Compounds according to any one of Claims 1 to 7 wherein A represents a 
group 
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Y? 

X-N-CHCOR 23 

in which the group NY-CHZ forms a monocyclic or bicyclic system as defined in 
Claim 1 above. 



11. Compounds of the formula (la) 

R NHCH f1i s 
HN 



N W^CH 3 
H^R 1 I |S 



*CN-X 

S 

O 



(la) 



>23 



and physiologically acceptable salts and solvates thereof. 



12. A compound according to Claim 1 selected from; 

dimethylethyl)amino]carbonyl]-decahydro-2-isoquinolinyl] 

propyl]ammo]carbonyI]-5,5-dimethyl-N-[[[(l t l-dimethylethoxy) carbonyl] 

amino]ethyl]-a-[(phenylacetyl)amino]-2-thiazolidineacetamide; 

[2R.[2a(R*),4^[2 , R*S*,3 ,, S%4a ,> S*,8a , 'R*]]].N-cyclohexylmethyl.4.[[^ 

hy droxy-3-[ [[( 1,1 -dime thy le thy l)amino]carbony l]decahydro-2- 

isoquinolinyl]propyl]araino]carbonyl]-5,5-dimethyl-a-[(phenylacetyl)amino]-2- 

thiazolidineacetamide; 

[2R-[2a(R*),4^[2 , S*,3 ,, S*,4a ,, S*,8a , 'R*]]]-4-[[[2-hydroxy-3-[[[(l,l- 
(dimethylethyl)amino]carbonyl]decahydro-2- 
isoquinolinyl]propyl]amino]carbonyl]-5,5-dimethyl-a-[(phenylacetyl)amino]-2- 
thiazolidineacetamide; 

[2R-[2a(R*),4/3[2 , S*,3 ,, S*,4a >, S*,8a ,, R*]]]-N-ethyl-4-[[[2-hydro^ 
(dimethylethyl)amino]carbonyl]decahydro*2- 
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isoquinolinyl]propyl]amino]carbonyI]-5,5-dimethyl-a-[(phenylacetyl)amino]-2- 
thiazolidineacetam ide; 

[2R-[2a(R*),40[2'S*,3"S*,4a"S*,8a"R*]]]-N-[4- 
[(dimethylamino)phenyl]methyl]-4-[[[2-hydroxy-3-[[[(l r l- 
dimethylethyl)amino]carbonyl]decahydro-2-isoquinolinyI]propyl]amino]carbonyl]- 
5,5-dimethyl-a-[(phenyIacetyl)amino]-2-thiazolidineacetamide; 

[2R-[2of(R*),4^[2'S*,l"S,4a"S,8a"R]]]-5,5-dimethyl-4-[[[2-hydroxy-3-[l-[[(l,l- 
dimethylethyl)amino]carbonyl]decahydro-2-isoquinolinyl]propyl]amino]carbonyl]- 

a-[(phenylacetyl)amino]-2-thiazolidineacetic acid methyl ester; and 
[2R-[2a(R*),40[2'S*,3' , S*,4a"S*,8a , 'R*]])-a-[[4-(fluorophenyl)acetyl]amino]- 
4-[[[-3-[[(l,l-dimethylethyl)amino]carbonyl]decahydro-2-isoquinolinyI]-2- 
hydroxypropyl]amino]carbonyl]-N-(2-pyridinyImethyl)-2-thiazolidineacetamide; 

13. A compound according to Claim 1 selected from: 

2R-[2o(R*),4/3(2'S ,,, > 3"S*,4a"S*,8a ,, R*)]-5,5-dimethyl-a-[(phenylacetyl)amino]- 
N-phenylmethyl-4-[[[l-(2-phenyl-l-hydroxymethyl)ethyl]amino]carbonyl]-2- 
thiazolidineacetamide; 

2R-[2a(R*),4^(R*,R*)-5,5-dimethyl-a-[(phenylacetyl)amino]-N-phenylmethyl-4- 

[[[l-[(2-hydroxy)-4-[[(lH-benzimidazol-2-yl)methyl]amino]-4-oxo-l- 

(phenylmethyl)butyI]amino]carbonyl]-2-thiazolidineacetamide: 

and 2R-[2a(R*),4^(R*,R*)-5,5-dimethyl-a-[(phenylacetyl)amino]-N- 

phenylmethyl-4-[[[l-[(2-hydroxy)-4-[(phenylmethyl)amino]-4-oxo-l- 

(phenylmethyl)butyl]amino]carbonyl]-2-thiazolidineacetamide and physiologically 

acceptable salts and solvates thereof. 

14. A compound according to any one of Claims 1 to 13 or a physiologically 
acceptable salt or solvate thereof for use as a therapeutically active agent. 



15. A compound according to any one of Claims 1 to 13 or a physiologically 
acceptable salt or solvate thereof for use in the treatment of a viral infection. 
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16. Use of a compound according to any one of Claims 1 to 13 or a 
physiologically acceptable salt or solvate thereof for the manufacture of a 
medicament for the treatment of a retroviral infection. 

17. A pharmaceutical formulation comprising a compound according to any one 
of Claims 1 to 13 or a physiologically acceptable salt or solvate thereof together 
with one or more pharmaceutically acceptable carriers. 

18. A process for preparing a compound according to Claim 1 or a 
physiologically acceptable salt or solvate thereof, which comprises: 

(A) in preparing compounds in which R 3 represents COOR 12 or CONR 13 R 14 , 
treating compounds of formula (II) 

R 2 NH 




or protected derivatives thereof with a nucleophile R 12 OH or R 13 R 14 NH, 
followed, where necessary, by the removal of any protecting groups present; 

(B) coupling the carboxylic acids of formula (III) 

R 3 

R 2 NHCH 




or salts and/or protected derivatives thereof with a diamine of formula (IV) 

H J NA (IV) 
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or a protected derivative thereof, followed, where necessary, by the removal of any 
protecting groups present; or 

(C) interconverting compounds of formula (I); 

and if necessary or desired subjecting the compounds resulting from any of steps 
(A) to (C) above to a further reaction comprising : converting a compound of 
formula (I) or a salt thereof into a physiologically acceptable salt thereof. 

19. Compounds of formula (II). 

20. A method for the treatment of a viral infection in a mammal comprising 
administering to said mammal a therapeutically effective amount of a compound as 
claimed in Claim 1 or a physiologically acceptable salt or solvate thereof. 

21. A pharmaceutical formulation comprising a compound according to any one 
of Claims 1 to 13 or a physiologically acceptable salt or solvate thereof for use in 
the treatment of a viral infection in a mammal. 

22. Compounds according to any one of Claims 1 to 13 substantially as herein 
described. 

23. Compositions according to Claim 17 or Claim 21 substantially as herein 
described. 
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